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‘Tose inclined to look with deep approval on 
ventures in petro-chemical manufacture will do 
well to note observations on the subject from a 
recent study of Standard Oil Company of Cali- 
fornia. The gist of the observation is that 
there is. a lull of several years between 
technical discovery and dollar profit. Some 
Pull sentences from the study follow: 

“It has been the policy of the company 
to establish itself in the field of intermediate 


Long 


chemicals where petroleum products can be con-. 


verted into chemical materials at a decided price 
advantage. This avoids the problems inherent in 
the merchandising of consumers’ products on the 
one hand and the doubtful advantage of convert- 
ing petroleum products into the highly competi- 
tive field of low-priced industrial chemicals on the 
other. A new line of intermediate chemicals can 
only be introduced slowly. In each case it must 
be irrefutably demonstrated to the prospective 
customer that by adopting the proposed new inter- 
mediate chemical his own product will be materi- 
ally improved or his costs reduced. This can be 
done only by highly trained technicians who are 
nearly as familiar with the manufacturing opera- 
tions and products of the prospectivé customer as 
is the customer himself.” 


These quotations were followed by a statement 
of the experience of Monsanto Chemical Com- 
pany where “on the average, seven years elapse 
between the time the research organization de- 
velops a new product with commercial possibilities 
and the time that product yields its first dollar 
of profit.” 
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No DEVELOPMENT better portrays the 
trend in refining than the status of the Petroleum 
Division of the American Chemical Society. It is 
celebrating its twenty-fifth anniversaty this month, 

being the youngest of the eight- 
Youngest and °*" professional divisions of the 
organization. Despite its youth, it 
is the largest division within the 
society. 

The twenty-fifth anniversary, while taking note 
of this quarter century, has an eye open to the 
future, which some are estimating in the light of 
experience. Petroleum refining only recently be- 
came a chemical industry. For a long time it should 
hold its place within the ACS family. 


The Largest 


L. IS heartening to realize that the State De- 
partment is giving support to the effort of our 
nationals to develop oil properties in foreign 
countries, especially the Near East. Why this 
should come before the American 
public, backed by the proposition 
that we face a domestic oil short- 
age, is questionable. 

For some reason this is the ap- 
proach of most of the national efforts in oil affairs. 
While Harold L. Ickes was beating the air waves 
in behalf of more stringent federal control he based 
his pleadings on the proposition that this nation 
faces early exhaustion of its petroleum resources. 
Now the State Department adopts that premise 
as it goes forth to assist our nationals in their 
foreign oil affairs. 

An oil shortage is no certainty. That it can 
come is admitted. When it will come is assump- 
tion. That it is immediate is not true. The oil 


Always, the 
Shortage 
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resources within the borders of the United States 
are sufficient to justify the State Department in 
a more confident approach to its program of 
foreign assistance, The admission of shortage 
seems like weakness rather than strength. 

Another questionable phase of the program lies 
in the tendency to look upon the Near East as a 
source of crude oil in case of war. That was un- 
mistakable in the radio program sponsored by 
State Department representatives early in August, 
in which military men took part. To look upon 
oil from the shores of the Persian Gulf of the 
Mediterranean Sea as valuable in case of war is 
preposterous. 

Oil reserves of the Caribbean area can be classed 
as such a reserve and it is here that both private 
venture and governmental assistance should look. 
The American interests that go into these coun- 
tries, obey the laws and develop oil fields deserve 
the support of all department of the government 
of the United States. In such the industry will be 
doing its part to assure oil for peaceful uses in a 
location that has the added asset of availability in 
case of war. 


= with the announcement that the Baton 
Rouge plant of Standard Oil Company of New 
Jersey had processed its billionth barrel of crude 
oil in August came some interesting figures on 
what is involved in reaching such a 
total in processing. Value of this crude 
oil total was $1,560,000,000. Wages and 
salaries were $380,000,000. The State 
of Louisiana received $112,223,000 in 
taxes while the billion barrels were being proc- 
essed. 

This plant processed its first crude oil in No 
vember, 1909, when it had 750 employes. Now 
throughptt is at an all-time high and the plant has 
8,500 employes. Additional units are under con- 
struction and others are planned. 

The Baton Rouge plant is not the first to process 
a billion barrels of crude oil, although such records 
are few. What is significant is that the trend at 
Baton Rouge is typical of an industry. 


Billion 
Barrels 


IL. IS likely that the petroleum industry will 
respond to the suggestion of Gustav Egloff, who 
suggests that books, especially scientific and tech- 
nical literature, be poured into China to help in 
rehabilitation of its libraries. If the desti- 
q tute peoples ever regain the status of self 
sufficiency it will be by application of 
Turn knowledge. China, more than any other 
nation, suffered from the war. For nine 
years it has been without literature. Along with 
the food and clothing that go there to sustain 
life, books and periodicals should be sent to sup- 
port learning. 


Goo 
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di HIS remarks before stockholders of Standard 
Oil Company (New Jersey), F. W. Abrams, chair- 
man of the board, set the two divergent economic 
systems of the world one against the other, and 
gave this tribute to the one of his 
preference: 

“We believe in a fair competi- 
tive system because it seems to us 
that in the long run it gives peo- 
ple more goods of better quality and at lower 
prices than they would have under any other sys- 
tem. This is not to say that our system is perfect} 
it is undoubtedly subject to improvement. But 
while striving to improve it we must not sacrifice 
its features of superiority. In our opinion the evi- 
dence is clear that people will fare better under an 
economy based on the fair competition of free 
people than under any other yet devised. The 
benefits which have accrued to the American peo- 
ple, for example, from our competitive, vigorous 
oil industry, both in war and in peace, are tre- 
mendous. No other nation has been so successful 
as we in the United States in discovering oil and 
bringing it to people in useful form.” 


Good, If 
Not Perfect 


] ee aes it takes a long time for discarded 
refining equipment to find its way back to the 
steel mills. Only recently a drive through a refining 
center brought into view a junk yard whose pumps 
and heat-exchanger jackets looked for 
all the world exactly like those in place 
there a year ago. When its usefulness is 
ended in the refining centers, that scrap 
is needed back in the steel-making cen- 
ters. To some extent, however, the shortage in scrap 
may be due to the shortage of finished steel prod- 
ucts. On that same journey one engineer recited 
the difficulties of getting steel products and 
observed : 


Keep It 
Moving 


“We have worked our scrap pile until all we 
get now is steel filings.” 


Still the steel industry needs scrap and what- 
ever can be released should be shipped and not 
piled in junk yards. 


Future activities in research, in our industry involve the 
development of economically practical use of gas synthesis, 
hydrogenation of coal and shale and exploitation of tar 
sands. The world still possesses great supplies of liquefied 
petroleum and gas and in addition has vast supplies of 
sedimentary solids which through the developments of re- 
search can be converted: into liquid hydrocarbons in such 
quantity to insure supplies for many years to come. 

In all this we must recognize the competitive force of 
other types of useful energy—certainly atomic energy is in 
the offing and awaiting only the development through re- 
search of means to harness it for whatever practical purpose 
it can service. 

Henry H. Hewertson, President 
Imperial Oil Limited. 
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speed and power. Exceptional speed is useless 
without adequate power behind it—and vice- 
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race right through tubes coated with the toughest 
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end where speed really counts! 






Moreover, these cleaners never stumble or 
stall when extra coke resistance is encountered 
—the reserve power steps in and imparts the 
needed additional drive. 
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1 SULFUR. 


‘Lat sulfur content of crude oil has a marked influ- 
ence upon the sulfur content of the finished petro- 
leum products. Let us, then, examine the sulfur 
contents of the crude production in this country. The 
data in Figure 1 show the range of sulfur content 
of crudes: by states. These data were obtained from 
the numerous publications of the Bureau of Mines on 
crude analysis. Since only the data on a fraction of 
the producing wells have been published, it is highly 
probable that some must fall outside this range. 
Nevertheless, for practical purposes we may assume 
that these values are fairly representative. 

It may be noted that of the 19 oil producing states 
listed three states have some crudes in excess of 3 
percent-weight sulfur; two states have some crudes 
in excess of 2, but less than 3 percent-weight sulfur; 
five states have some crudes in excess of 1, but less 
than 2 percent-weight sulfur; three states have some 
crudes in excess of 0.5, but less than 1 percent-weight 
sulfur, and six states have some crudes with maxi- 
mum sulfur content below 0.5 percent-weight. 

With the exception of Pennsylvania, New York, 
West Virginia, Kentucky, Illinois, Indiana and Colo- 
rado, all states appear to be plagued with crudes 
which fall in the category of high-sulfur crudes. It is 
significant that the areas of high-sulfur crudes are 
dispersed throughout the*United States and are not 
centralized in any one locality or section. 

While Figure ‘1 does not give a weighted average 
of sulfur content based on volume of crude produced, 
it is generally recognized that the availability of the 
low-sulfur crudes is diminishing, which forces the 
refiner to process the higher-sulfur crudes, with the 
net result that the average overall sulfur content of 
the crudes being processed is increasing. 

The exigencies of wartime production of petro- 
leum products were largely responsible for accelerat- 
ing the processing of high-sulfur crudes. Conserva- 






‘-E. T. SCAFE 
Socony-Vacuum Oil Company, Inc. 
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pa problem of sulfur in petroleum and its products 
is not new. The early refiners of Pennsylvania crude 
were faced with it, although admittedly to a small de- 
gree, and the problem has increased since that time as 
production frontiers moved westward and new fields 
were discovered. At present it is assuming increased 
importance because of the necessity of refining crudes 
of generally higher sulfur content than previously and 
the fear of some technicians that any general increase 
in the sulfur content of a petroleum product will have 
an adverse effect upon its performance. 

This paper is intended to give some general com- 
ments on the situation, to present the results of some 
experimental desulfurization work on a_ high-sulfur 
crude and to make some comments on the effects of 
sulfur and its compounds upon the performance of pe- 
troleum products. 

The paper was presented before the eleventh annual 
petroleum meeting, Wichita Section, American Chemical 
Society, Wichita, Kansas, June 6 and 7, 1946, 











tion of natural resources wilh be an important con- 
sideration in the continued use of these crudes. 

The problem of handling high-sulfur crudes has 
been approached differently by the various petro- 
leum companies. Some have made the decision to 
convert entire refineries over to processing high- 
sulfur crudes; others have segregated the stock and 
processed it separately in certain units, while others 
have chosen to blend the high-sulfur with low-sulfur 
crudes and process the mixture. Wartime experience 
indicated that up to 5 percent-volume of high-sulfur 
crudes could be blended with Mid-Continent pipe 
line oil without imposing any great hardships upon 
the refineries. Of the schemes mentioned, the con- 
version of entire refineries or sections thereof over 
to processing high-sulfur crudes appears to have 
found the most favor among the major 


i 4 R . 

\ oil companies. At present, one Midwest 
mead. Pa 4“ refinery is processing 35,000 barrels daily 
ee: rT ‘Cay ee i. Mf of crude of 1.5 percent-weight sulfur, 

TON ONTANA ORTH DAKOTA : ana z \ \ ‘ 
" ven Ne _ tan fate ey West Texas Crudes (Slaughter-Duggan) 
* -— r ts ~ \e os ° 
— nem Ko SS ~, The West Texas crudes have achieved 
1H DAKOTA , Y oanne Ma . ° ° 
onnc Bees nn ee D> Pal ng some notoriety by virtue of their sulfur 
nih edge wes po Y | gw Lev at content. A tabulation of 62 crudes was 
~— . \ a 10 r ~<y ° . . 

Ty EE Sen aa as ee given in the Oil and Gas Journal by W. L. 

- ¥ \ ret) to » Hii to/ WR Sy So. ° . ° 
\ Mon | Le ee} Las e ——4 Nelson and is reproduced in Table 1. It is 

ae i~ me pe S5 . 
on \ ir areen | we, me) Eo ene of interest to note that 8 of the 62 crudes 
a a 0 a a ee ee listed for this area noted for high-sulfur 
*,? | aeons ee oo ( a | caro w 8 
ee \ 5 | cucu \ apnea -— oe crudes have sulfur contents below 0.5 
‘ je tea 320 fp te [sewn cone percent-weight. 
wei | 010 te 212 rele: eg SF a \ The highest sulfur content listed is 4.17 
ged ae Lexy \ sega” ant are for Fuhrman Crude (No. 
“ 0.10 to AP _ ) : 

SATE a \} Included in thts list of crudes is Slaugh- 
\ q ter-Duggan which has been used by 
Wy. Socony-Vacuum Oil Company’s research 
FIGURE 1 and. development laboratories at Pauls- 


Range of sulfur contents of crude oil by states. 
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boro as a representative high-sulfur 
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.rude. You will note it listed as No. 19 and see that it 
contains 2 percent-weight sulfur. The specific samples 
of crude received had a sulfur content of 2.1 percent- 
weight which is in close agreement with the pub- 
lished data. A distillation of this crude yielded the 
products shown in Table 2. 


For a more complete insight into the distribution 
of the sulfur let us examine the sulfur material bal- 
ance and the estimated volume percentage of the 
products represented by this sulfur, which are shown 
in Table 3. 

Eighty-eight percent of the sulfur present in this 
crude is contained in the gasoil and residual fractions 
upon primary distillation. The gasoline and naphtha 
fractions contain only 6 percent of the total sulfur. 
Nevertheless this amount is sufficiently high to be 
troublesome. The last column in this table shows the 
estimated volume percent of the product represented 
by the sulfur-bearing compounds. These values are 
significant since they represent the minimum loss of 
product to be expected by desulfurization processes 
based upon complete elimination of the sulfur-bear- 
ing compounds by solvent-extraction or similar 
processes. 


It may be noted in this table that 47 percent- 


TABLE 1 
ae © of Some West Texas Crude Oils 














Sulfur 
No. or | Percent 
Symbol| NAME OF CRUDE API Weight 
1 Big Lake owt ; 38.2 | 0.36 
2 Chalk... = 32.1 0.84 
3 | Chalk... 313 | 0.91 
4 Chalk 26.8 | 2.02 
5 Church and Fields 31.1 2.69 
6 McElroy ee 33.0 2.42 
7 McElroy 32.8 2.40 
s McCamey : 24.5 2.29 
Q McCamey 25.6 | 2.23 
10 Westbrook | 25.8 
11 World , 29.7 0.59 
12 Hendricks ‘ 30.0 1.53 
13 Yates 30.0 1.61 
14 Yates 30.4 . 
15 Yates. 29.3 2.40 
16 Yates } 29.6 1.55 
17 Texon (nearly paraffin base) 38.2 0.26 
18 Westbrook | 29.2 1.09 
19 Slaughter- Duggan 31.6 | 2.00 
20 Wasson 33.5 1.66 
21 | Slaughter 31.7 1.93 
22 Winkler County 28.0 
23 Winkler*County 36.2 | 
24 Taylor-Link, Pecos County 30.2 
25 Upton County | 27.2 
26 Pecos County | 30.5 
27 Apco 38.6 0.27 
28 Big Lake... ee | 36.4 0.36 
29 Big Lake | 41.5 0.14 
30 Cowden, Northfield | 35.0 1.66 
31 Crane, Cowden coosl 32.3 2.37 
32 Dune | 344 | 1.49 
33 Embar-Ellenburger 44.9 0.18 
34 Foster 36.4 1.07 
35 Fuhrman. . 22.5 4.17 
36 =| *Fullerton.. 43.2 0.48 
37 Goldsmith 34.2 1.90 
38 | Harper 36.0 1.15 
39 | Hendrick.. 29.7 | 1.49 
40 Howard-Glasscock 29.1 1.64 
41 latan, East Howard 30.8 1.41 
42 Jordon 34.6 2.13 
43 | Kermit. 28.4 1.45 
44 Keystone 35.2 0.84 
45 | Leck 29.1 1.64 
46 | McElroy 31.3 2.39 
47 | Payton 33.0 1.10 
48 Pecos Valley 34.6 1.09 
19 | Pecos Valley 29.7 1.67 
50 Seminole 35.6 1.76 
51 Scarborough 36.6 1.02 
52 Shipley, Silurian 30.6 0.29 
53 Slaughter 32.3 1.93 
54 Snyder. . 29.9 | 1.68 
55 | Taylor-Link 30.2 1.32 
56 Tobarg 25.7 1.93 
57 Waddell... - | 44.7 | . 0.22 
58 Ward | 35.0 | 1.77 
59 Ward, South 37.2 | 1.27 
60 Wasson 34.6 1.63 
61 Wheat 38.0 | 0.21 
62 World ' 29.1 0.73 
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TABLE 2 
Yield and Properties of Products from Slaughter-Duggan Crudes 











Yield Sulfur, 
Percent Gravity, Percent 
PRODUCT Volume ° API Weight 
Light Straight nat "ea "FP. Eas... 15.2 62.7 0.19 
Naphtha, 280-404 °F. ............ 19.1 47.0 0.62 
Light Gasoil, 437- 70 , A ee 31.4 30.6 1.76 
Heavy Gasoil*............. . 10.5 28.0 2. 
Se eS . udee 21.5 8.2 4.15 
Total.. a "ie eons : 
OU seschanmeey 100.0 31.2 2.10 

















* 90 percent at 925 °F. by vacuum assay. 





TABLE 3 


Sulfur Material Balance 
Basis: 100 gallons _Slaughter r Duggan crude 




















| | Sulfur Gymgeunts 
| Percent Percent Volume 
Weight of |— —- )-- —-- 
Lbs. of | Total of of 
PRODUCT Lbs. Sulfur Sulfur Product Crude 
Crude 720 15.1 ; 18.5 
Light Straight Run. 99 0.2 0.5 0.1 
NS ois hk aoe 126 | 0.7 2.3 0.4 
Light Gasoil ‘ 228 4.0 | 26. 6 11 3.4 
Heavy Gasoil...... | 81 | 2.2 14.6 29 3.0 
Residuum | 174 | 7.1 47.0 54 11.6 
Gas and Unacc’'t 12 0.9 | 6.0 a. ?. 
—— |— ——— _ — | — -—_ ————_ — 
| 720 | 15.1 | 100.0 oie | “* 











* On basis that compounds are maagieatte sulfur compounds 
Sp. Grav of HC 
—_—_—__— —— = 0.87 


Sp. Grav. of S Cc empound 






weight of the sulfur may be concentrated in the 
residuum by a simple distillation procedure. This 
procedure is an effective means for getting rid of 
relatively large amounts of sulfur, particularly if the 
residuum is used as fuel, road oil or asphalt. Exten- 
sive studies have been made by various investigators 
on the reduction of sulfur content of gasolines, naph- 
thas, kerosines and gasoils. It is not intended to give 
a review of this published work, but to confine the 
discussion to some of the experimental work con- 
ducted at our laboratory on the fractions of this 
Slaughter-Duggan crude. 


General Types of Desulfurization Processes 


Two approaches to the desulfurization problem 
usually are considered; the one is based upon the 
elimination of the sulfur as hydrogen sulfide gen- 
erally by use of cold catalyst; and the other, is based 
upon concentrating the compounds containing the 
sulfur by solvent action. A third approach, based on 
chemically reacting the sulfur compounds with a 
reagent with subsequent removal of the reaction 
product, has been successfully applied in certain 
specific cases. Of these approaches, the ideal develop- 
ment will be that one which will eliminate the sulfur 
as hydrogen sulfide under mild conditions without 
the need of frequent regeneration of catalyst. To add 
one more restrictive condition, this ideal process 
should be simple and inexpensive so that the opera 
tion could be conducted in the oil fields, thereby 
removing this menace of sulfur from the refinery. 


Desulfurization of Slaughter-Duggan Gasoil with 
Solid Catalyst 


Reduction of the sulfur content of the light gasoil 
fraction was the objective of one phase of the work 
with Slaughter-Duggan crude. A summary of the 
results with experimental solid catalysts is given in 
Table 4. These solid catalysts were essentially metal 
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TABLE 4 


Desulfurization of Slaughter-Duggan Gas Oil of 1.6% Weight 
Sulfur Content with Experimental Catalysts 




















Sulfur Content (Percent Weight) 
of Product Obtained with Metal 
Oxide Deposited on 
Aluminum 

ADDED METAL OXIDE Silica Alumina Silicate 
ON RS RAPES OP es Ss ate dread 1.0 0.9 0.5 
Beryllium Oxide....... : as? 0.8 y 0.6 
Cadmium Oxide*...... ne (eae Sere” 0.8 0.6 0.4 
Clee Raa 6b boc. 6iws'd ew end , SF | ah 0.4 
Chromium Oxide.... chien 0.7 ne 0.5 
Cobalt Oxide...... —etentekns | 0.5 : 
Ferric Oxide*....... » np ktoaente | 0.6 0.4 
Magnesium Oxide... wba 0.9 0.6 0.4 
Nickel Oxide. ..... vhgaeel 0.5 0.5 
Sodium Oxide... ; | : 1.0 
et GS a 5 Bie hata dela re 0.6 | : 0.3 
Cobalt Molybdate........ tel ‘ 0.8 











*Difficulty encountered in Regeneration. 

Operating Conditions: Temperature 650 °F. 

Space Velocity, 1 vol. of oil/vol. of catalyst/hour 
oxides on either silica, alumina or aluminosilicate 
carrier. 

The significant observations to make from these 
data are as follows: 

1. That an alumniosilicate cracking catalyst without any 
oxide promoter is one of the most effective desulfurization 
catalysts. Under optimum conditions, a yield of over 90 per- 
cent-volume of product was obtained. 

2. Zinc oxide-type catalyst appears to give the lowest sul- 
fur content product of the catalysts tested. This more or less 
confirms the published data that zinc oxide is effective for 
removing sulfur from hydrocarbons. 

3. The most effective carrier for the metallic oxides is one 
with cracking activity, that is, the aluminosilicate cracking 
catalyst. This fact suggests that some of the sulfur in petro- 
leum is held rather firmly in the compound and requires 
severe treatment to dislodge it. It further indicates that an 
ideal catalyst will have to be one of extremely high and 
specine activity. 

Desulfurization of Slaughter-Duggan Gasoil with 

Anhydrous Hydrogen Fluoride 

he second approach on reduction of sulfur con- 
tent of the light gasoil was made by a solvent-extrac- 
tion method using liquid anhydrous hydrogen 
fluoride as the solvent. A summary of these data is 
presented in Figure 2. These data show a 70 percent 
sulfur reduction with a yield of 85 percent-volume of 
product of 0.5 percent-weight sulfur is possible with 
this solvent. It is of interest to note that in both the 
solid catalyst and solvent-extraction studies, the 
minimum sulfur content obtained is approaching a 
limiting value in the region of 0.4 or 0.3 percent- 
weight sulfur. This fact may also be interpreted to 
mean that this gasoil contains a certain amount of 
sulfur compounds which are very resistant to re- 
moval or decomposition. 


Combination of HF Desulfurization and Catalytic 
, Cracking 

he combination of solvent extraction with an- 
hydrous hydrogen fluoride with the desulfurization 
attendant with catalytic cracking of the partially de- 
sulfurized gasoil provides a possible means of pro- 
ducing low-sulfur gasoline from Slaughter-Duggan 
crude, The results of an experiment of this nature is 
given in Table 5. In the catalytic-cracking phase of 
this experiment, the conditions were adjusted to give 
essentially the same coke deposition for both the un- 
treated and HF-treated gasoils. 

The desulfurization with hydrogen fluoride prior 
to catalytic cracking results in improved yields of 
motor gasoline based on the charge to cracking. 
Based on the untreated gasoil, however, a yield of 
45.5 percent-volume is obtained, or a net loss of 2.6 
percent-volume. The latter is due to the 12 percent- 
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volume loss in cracking stock occasioned by HF 
treating. 

The quality of products from cracking the partially 
desulfurized gasoil is improved over that of the prod- 
ucts from cracking the untreated gasoil, as exempli- 
fied by the lower sulfur content and higher octane 
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Sleughter-Duggen Gesoil 


FIGURE 2 


Yields and sulfur contents of Slaughter-Duggan gasoil treated with 
hydrogen fluoride. 


rating of the gasoline. The sulfur appearing in. the 
motor gasoline from the HF-treated gasoil is less 
than 4 percent of that in the original gasoil and sul- 
fur in the motor gasoline from the untreated gasoil is 
less than 11 percent of that in the original gasoil. 
These values are significantly low upon realization 
that the comparable value from vapor-phase thermal 
cracking of the same stock is 25 percent. 

The sulfur content of the cycle stocks from these 
two operations show an interesting behavior. In the 


TABLE 5 


Yield and Properties of Motor Gasoline Produced from Partially 
Desulfurized Slaughter-Duggan Gas Oil 








Untreated HL Treated 





| Gasoil Gasoil* 
Charge Stock Sulphur Content, Percent Weight. . . | 1.71 0.81 
Vields, Percent Volume of Charge to Cracking: 
Motor Gasoline, 10 Ibs. R.V.P............. 48.1 51.6 
Cycle Stock... .. ats send haltie 0 aes Whe 44.8 36.3 
Excess Butanes..... 6.7 11.6 
Properties: 
Motor Gasoline: 
Sulfur Content, Percent Weight. . 0.14 0.048 
ce SO er eres 72.8 77.5 
SRE BINS: va his dos he wank cs hal 81.7 85.9 
CP ind a ii 645% ds dh bo RS 78.3 83.9 
Ss vga 0.4.5 0:xid'n + > bic te 88.9 93.9 
Cycle Stock: 
Sulfur Content, Percent Weight............. 1.37 1.18 











* Represent 88% Vol. of untreated gasoil. 
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cycle stock from the untreated gasoil, the sulfur con- 
tent was lower than the feed stock, while in the cycle 
stock from the HF-treated gasoil, the sulfur content 
was appreciably higher than the feed stock. This 
example is another illustration of the stability of 
some'types of sulfur compounds. 


Desulfurization of Slaughter-Duggan Light Straight- 
Run Gasoline with Anhydrous Hydrogen Fluoride 

Anhydrous hydrogen fluoride is applicable as a de- 
sulfurizing medium to the lighter fractions of the 
Slaughter-Duggan crude than the previously dis- 
cussed gasoil. For example, the light straight-run 
gasoline was treated with moderately mild ratio of 
HF with the following results: 


Treatment of Light on a from then cn Crude 











| HF Treated and 
PROPERTIES | Untreated | HF Treated | Isopentanized 
Sulfur Content, Percent Weight.| 0.19 0.012 | 0.015 
Octane Numbers: | 
F-3—Clear..... | 644 65.3 | 
+3.0 cc TEL 76.0 86.1 ; 
+4.0 cc TEL 77.7 87.9 91.2 








These data show some substantial improvement in 
the F-3 octane rating of the gasoline by removal of 
sulfur. Hydrogen fluoride is similar to other de- 
sulfurizing media in that its alkylating and polymer- 
izing activity in the presence of olefins restricts its 
application to virgin stocks except in a few special 
cases. 


Tannin-Solutizer Process 

The Tannin-Solutizer development work for re- 
moval-of mercaptans is a line of investigation di- 
rected at removal of sulfur that is worthy of mention 
in connection with our laboratory activities. 

The Tannin-Solutizer process is installed in ten 
refineries and is receiving serious consideration in 
the modernization plans of several others. The ex- 
traction stage of this process uses a solutizer solu- 
tion of sodium or potassium cresylate or isobutyrate, 
and the regenration stage employs tannin as cata- 
lyst for the air oxidation of the mercaptan to disul- 
fides. The latter products are settled and/or washed 
from the solution to allow effective reduction of the 
sulfur content of the hydrocarbon product. The 
major advantages to the process lie in its applica- 
bility to a wide range of mercaptan-content gasolines, 
including those from high-sulfur crudes, and the low 
temperature of operation of the regenerative step. 
This latter item is important from the equipment- 
corrosion standpoint, as those who operate steam 
regenerative processes of this type know. 

The effective removal of 95 percent of the mer- 
captan sulfur from gasoline is possible with this 
process. 


Effect of Sulfur Upon Performance 

The foregoing remarks conclude the prepared com- 
ments on the general subject of desulfurization and 
lead us to the next topic, which is concerned with 
the Effect of Sulfur and Its Compounds upon the Per- 
formance of Petroleum Products. We will, of necessity, 
tread lightly on this subject because many of the 
facts are unknown. This situation may be traced to 
the probable fact that the investigators have been 
occupied with the quality items which have more 
significance on performance than sulfur and that any 
comprehensive study would involve considerable 
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time and money by virtue of the many ramifications 
to the problem. 

In the most optimistic sense we can only say that 
we have little technical information to support the 
present sulfur limitations in our specifications. These 
limitations generally attempt to minimize the effect 
of sulfur in two respects: 

a. Such corrosion of material in contact with liquid prod- 
ucts as may be imparted by elemental sulfur and hydrogen 
sulfide. The criterion for control of this item is the absence 
of corrosion to copper or other numerous metals and ma- 
terials. 

b. The performance of products with respect to corrosion 
of materials, wear, engine deposits which may be affected by 
the products of combustion of . sulfur compounds. The 
criterion in the specification for this control is the total 
sulfur content of the product. 

A third limitation aimed at controlling the mer- 
captan-sulfur content below any significant level is 
included in specifications of some products. This 
item is considered outside the scope of our discus- 
sion, since it affects sales performance to a greater 
extent than field performance. 


Corrosive Sulfur 

The first item, that is, the limitation on corrosive 
sulfur and hydrogen sulfide, may be disposed of 
rather briefly. It is generally specified that light 
products be free of corrosive sulfur and sulfur com- 
pounds as indicated by the absence of corrosion on a 
copper specimen or other sensitive material under 
accelerated test conditions. This specification item 
probably originated with the use of the doctor-treat- 
ing process as a control test against the use of exces- 
sive sulfur during treating. Nevertheless, it has re- 
mained, and with an increase in severity of test con- 
ditions and a more critical examination of the degree 
of discoloration or corrosion being exercised by the 
inspector, it has become a specification which has, at 
times, caused the refiner some concern over its exact 
significance. It is doubtful that trace amounts of 
sulfur have any significant effect upon the corrosion 
of material with which it comes into contact, not- 
withstanding the infrequent complaints reported to 
be caused by sulfur. 

Over a period of years we have heard of occasional 
instances in which products showing evidence of 
corrosion to copper have corroded lines in domestic 
fuel-oil and kerosine service sufficiently to cause 
failure, of instances in which the failure of flow regu- 
lators and float controls was blamed on corrosive 
sulfur, and of another instance in which the dis- 
coloration of a sensitive paint pigment, chrome yel- 
low, was reported to be due to corrosive sulfur. The 
isolated nature of these instances, and the lack of 
evidence, has left considerable doubt as to the true 
responsibility for these failures. 

During the war, the copper-corrosion character- 
istics of some aviation-gasoline production as deter- 
mined by the copper-dish method reached a critical 
stage. This trouble was a combination of circum- 
stances involving interpretation of the method, com- 
plications caused by additives in the gasoline, and 
other problems associated with expanded production. 
These problems were overcome and subsequent pro- 
duction was satisfactory. 

It is to be emphasized that this problem was con- 
cerned with only the interpretation of specifications 
and not with the performance of the fuel in service. 
Inquiries directed toward finding out the history ° 
any cases of failure or corrosion attributable t0 
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elemental sulfur in aviation gasoline failed to pro- 
duce any recorded instances. 

The present situation with the corrosive-sulfur 
specifications designating a submerged-copper-strip 
specimen is generally satisfactory. It is neither too 
restrictive with respect to the ability of the refiners 
to conform to it, nor does it permit any significant 
amounts of sulfur to remain in the marketable prod- 
ucts. However, three suggestions are offered which 
would place the specification on a firmer basis from a 
technical standpoint. 

1. Develop a precise quantitative test for sulfur or sulfide 
corrosion in order to eliminate the present qualitative one 
which is frequently used in a quantitative manner by express- 
ing the degree of discoloration in terms of sulfur concentra- 
tion. This latter technique may be misleading because it does 
not consider the depth of corrosion on the copper specimen. 

2. Write the specifications in terms of permissible ele- 
mental sulfur content instead of its behavior on a polished 
copper specimen. This implies that minute traces will be 
tolerated in the finished products and only those in contact 
with delicate and easily corroded materials will be specified 
“free of sulfur.” 

3. Standardize on the quantitative test and retire the 
numerous versions of the copper-corrosion tests of which 
ASTM sponsors no less than six: the mercury, silver, bronze 
powder, lead carbonate and similar tests. 


Sulfur Compounds and Combustion Products 


In considering the second item, that is, the effect 
of sulfur compounds and their combustion products 
upon performance of finished petroleum products, it 
is necessary to refer to specific products instead of 
considering all products in one group as was possible 
in the case of corrosive sulfur. Furthermore, it will 
be expedient for our discussion to classify these 
products into two arbitrary groups. 

The first classification is predicated on the basis 
that normal processing of these products for quality 
considerations other than sulfur content usually will 
be sufficient for controlling the sulfur content below 
any critical performance limit. Nevertheless, specific 
problems with these products may arise if high- 
sulfur crudés are the only stock for the production. 
In this first group are such products as 











Typical 
PRODUCT Specifications 





Liquefied Petroleum Gas 
Aviation Gasoline . 


15 gr/100 cu. ft. 
0.05 





Aliphatic and Aromatic Solvents................seseeee- 0.05 
erosine..... ; Ae eae ale oe ag 0.12 
Domestic Fuel. ; ‘ rie ren veel No limit 








Liquefied Petroleum Gas 
The obnoxious sulfur derivatives in the LPG prod- 
ucts are hydrogen sulfide and elemental sulfur. The 
effect of these compounds on the delicate control in- 


.Struments in municipal and domestic gas installations 


and their combustion products in heat-treating appli- 
cations are reported to be the basis for the above- 
mentioned specification limits. 

We have somewhat of a paradoxical situation with 
this product in that it is one in which sulfur com 
pounds have to be added as an odorant for safety 
purposes. 

Modern refining techniques in use for preparing 
polymerization and alkylation feed stock is capable 
of controlling the liquefied petroleum gas within the 
specification limits and no particular problems are 
anticipated with these products. 

Aviation Gasolines 


The record of production of aviation gasolines 
with respect to sulfur has been so low as to preclude 
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any opportunity to study its effect upon performance. 
Moreover, the practice of making exacting specifica- 
tions for aviation fuels and the economic factors 
involved in obtaining the maximum antiknock im- 
provement for the TEL added is so firmly estab- 
lished on the safe side that it is unlikely that sulfur 
specifications will ever be liberalized to a point 
where it will be a serious problem with this product. 


Aliphatic and Aromatic Solvents 


The petroleum solvents are another example of 
products whose sulfur specifications have been estab- 
lished well on the safe side in order to insure good 
performance, and consequently, recorded instances 
of difficulties due to sulfur content are rare. This 
tendency toward low-sulfur solvents has probably 
been influenced by the desire of the refiner to have 
products which are universally applicable without 
fear of complaint. It may be that some problems 
with sulfur may be encountered in the future applica- 
tion of solvents and will cause a revision of the 
specification. However, for the present, it appears 
that the limits are firmly established and changes are 


Kerosine 
Burning kerosine appears to have a critical sulfur 
limit with respect to chimney cleanliness in the 
range of 0.1 to 0.15 percent-weight which will prob- 
ably continue to be a controlling factor with this 


Domestic Fuel Oil 

The absence of sulfur specifications for domestic 
fuel oil denotes that sulfur is not critical in the per- 
formance of these products. In certain industrial 
uses of distillate fuel oils, such as in heat treating, 
ceramic and glass furnaces, the sulfur content is 
reported to be a critical factor and is usually specified 
in the range of 0.5 percent-weight. 

In the second classification are products in which 
the present level of sulfur contents is reported to be 
a factor in performance, or at least approaching a 
critical limit. In this group are such products as: 














Product Range of Specifications 
WG INR Sic Sc ce Sautcacts oseedioans eet 0.1—0.25 
EE aac drink note det eck eo stnlcs eee 0.5—1.0 








Motor Gasoline 


The industry, with the possible exception of the 
West Coast section, has been guided by the federal 
and state specification of 0.1 percent-weight sulfur 
for motor gasoline. This specification was reported 
to be an outgrowth of an incident in which cars in 
government service during the summer season and 
stored during the winter season were reported to 
have exhibited appreciable wear and corrosion of the 
wrist pins which was attributed to the sulfur content 
of the fuel. 

During the war it became necessary to review the 
sulfur specification of 0.1 percent-weight because it 
was restricting production of 80-octane all-purpose 
motor fuel. A review of the meagre technical infor- 
mation failed to reveal any basis for limiting the 
sulfur content to 0.1 percent-weight so it was recom- 
mended to increase the limit to 0.25 percent-weight 
sulfur on the basis that gasolines of this and higher 
sulfur contents had been marketed on the West 
Coast without any discernible harmful effects. Con- 
sideration of a second increase to 0.4 percent-weight 
sulfur was pending at the termination of the war. In 
the absence of service complaints from 80-octane 
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motor gasoline of 0.25 percent-weight sulfur, we may 
assume that its effects were not noticeable, or, if 
present, were inconsequential. 

Some of the reported effects in which sulfur com- 
pounds or its acidic combustion product may have 
an effect upon performance of the automotive engine 
are: (1) deposits in induction system by virtue of an 
increase in gum formation imparted by some sulfur 
compounds; (2) the occurrence of pre-ignition with 
leaded gasolines; (3) corrosion or wear of moving 
parts, and (4) corrosion of the exhaust system where 
condensation may occur. 

The common belief is that the oxides of sulfur re- 
sulting from combustion are responsible for any ill 
effects of sulfur-containing fuel. An attempt was 
made in our laboratory to analyze the exhaust gases 
from several fuels of varying sulfur content. For this 
purpose a thermal gasoline containing 0.1, 0.5 and 
1.0 percent-weight of added sulfur in the form of a 
thiophene derivative was used. Calculations showed 
that the amount of oxides of sulfur would be very 
small so an elaborate sampling system allowing the 
sample to be taken and maintained under subatmo- 
spheric pressure in order to keep the moisture in 
vapor form, and the sensitive mass spectrograph was 
employed for the analyses work. The analytical re- 
sults confirmed our suspicions that the concentra- 
tions would be too small to be detected, but it did 
serve to emphasize that the effect of the oxidation 
products of sulfur is probably an accumulative effect, 
since the products are present in such a dilute mix- 
ture. 

In the present stage of analytical reasoning, two 
schools of thought have been advanced on the gen- 
eral sulfur problem. Some investigators believe that 
it is only the sulfur content which needs to be con- 
sidered, while others believe that the type of com- 
pound containing the sulphur is important. If the 
latter line is the significant one, this additional com 
plication will possibly retard the solution of the 
problem. 


Diesel Fuel 


The problem of sulfur in diesel fuels, particularly 
those for high speed service, is probably receiving 
the most attention from a technical viewpoint at the 
present time. Diesel fuels are not desulfurized to the 
same extent as gasoline in the basic distillation 
and/or cracking process, and, consequently, have an 
appreciably higher level of sulfur content. 

The particular concern with diesel fuels is the 
excessive wear of certain moving parts, and engine 
deposits reported to be caused by sulfur. The pub- 
lished data of Blackwood and Cloud (SAE Journal, 
Vol. 51, 1943) and other independent data indicate 
that in the range of sulfur content of 0.2 to 1.3 per- 
cent-weight, overall engine fouling, piston ring belt 
and skirt deposits, ie piston ring and top cylinder 
wear appear to be related to sulfur content, while 
cooperative studies on two fuels of 0.2 and 0.8 per- 
cent- weight sulfur by five laboratories were incon- 

clusive in respect to the effect of sulfur. Of interest 

in connection with these data is that variations in 
type of engine and load condition produced greater 
variations in fouling and wear than observed be 
tween widely varying sulfur-content fuels under a 
given condition. 

The Coordinating Research Council in preparing a 
Summary of Engine Performance as Related to Fuel 
Properties (Page 309, 1946 Handbook), did not con- 
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sider the available data conclusive with respect to 
the effect of sulfur and reported that no independent 
data were available. Nevertheless, this organization 
recognizes the problem as one of vital importance 
and have sponsored a group on the Sulfur Limit of 
Diesel Fuel which has the objective of developing 
technical information on this subject. 


Types of Sulfur Compounds in Diesel Fuel 


We have had an occasion in our laboratory to 
analyze five diesel fuels varying in sulfur content 
from 0.2 to 1.2 percent-weight for types of sulfur 
compounds present. The results of the first attempt. 
at this complicated problem by employing the tech- 
nique developed and reported by Ball of the Bureau 
of Mines for gasoline was hardly satisfactory be- 
cause only 25 to 39 percent of the sulfur compounds 
were identified. (Note: Ball did not recommend 
method for products boiling above approximately 
500° F.) Nevertheless, the results may be of interest 
to this group. For the fuels tested, the sulfur com- 
pounds, reported as percent-weight sulfur, were as 
follows: 





[Range of Sulfur Content 
Percent-Weight 


SULFUR COMPOUND 
| 0.000—0.000 





Hydrogen Sulfide 

Mercaptans : mt 0.001—0.036 
Free Sulfur.. ane ks | 0.000—0.030 
Disulfides. . . ‘ : rm 0.005—0.059 
Aliphatic Sulfides ve és | 0.020—0.144 
Aromatic Sulfides and Thiophenes = | 0.030—0.170 
Water-Soluble Sulfur Compounds...... } 0.000—0.000 
Residual Sulfur........ a a 0.125—0.914 
Sulfur Identified eee ‘ } 0.085—0.359 
Total Sulfur. 0.21 —1.25 


| 








It is apparent from this ouk that some test 
method development work will be required before 
an exhaustive study of effect of sulfur compounds 
upon performance can be made. 


Gas Turbine Fuels 

In anticipation of a question concerning the effect 
of sulfur on performance of gas turbine and jet fuel, 
it may be stated that little information is available 
on this subject. The effect of sulfur in this type fuel! 
may be manifested in the same manner as other 
fuels, i.e., combustion chamber deposits and corro- 
sion from combustion products. We have some ex- 
perimental information which shows that some types 
of sulfur compounds reduce deposit formation in jet 
burners. Corrosion from oxides of sulfur at the high 
temperatures encountered has not been exhaustivel) 
studied. However, preliminary studies indicate that 
present materials of construction are not readily 
attacked by the oxides at high temperatures. 

In closing, it is apparent that we have only meagre 
information on the effect of sulfur content of the 
product upon its performance. It is also apparent 
that it will take a comprehensive study and exper'- 
mental program to elucidate all the facts so that 
logical specifications may be developed on the basis 
of technical information rather than a consensus of 
the producing. or consuming industries. Some co- 
operative experimental work along these lines is in 
progress under the auspices of the Coordinating Re- 
search Council. It is hoped that this program will 
have the support of all interested groups and that the 
programs will be expanded to give us a comprehen- 
sive view of the relationship between sulfur and per- 
formance. It is fairly certain that the petroleum in- 
dustry will accept the technical facts and control the 
sulfur content of their products to gain the advantage 
of any reasonable increase in performance. 
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Miicianeas atmospheric boiling and condensing 
film coefficients are presented for water and normal 
hexane. Inside film coefficients for condensing steam 
also are given. The temperature variations around and 
along the boiling and condensing tubes are illustrated. 


A I. Introduction 
LABORATORY UNIT was constructed so that 


students could observe boiling and condensing and 
could experimentally determine boiling and condens- 
ing film coefficients. The data obtained during the 
first experimental program with the unit are pre- 
sented in this paper. Atmospheric boiling and con- 
densing film coefficients for water and normal hex- 
ane were determined. The temperature variations 
around and along the boiling and condensing tubes 
also were measured. Because of certain limitations 
of the apparatus the data are not precision measure- 


ments. However, since there appear to be no data in . 


the literature concerning boiling film coefficients 
from a horizontal tube to normal hexane and con- 
cerning the temperature variations around a boiling 
tube, the results from the above-mentioned experi- 
mental program are presented for publication. 
II. Experimental Work 

Materials Used 

The water used was distilled water. The normal 
hexane was technical-grade material obtained from 
Phillips Petroleum Company; its purity was given 
as 95 plus mole percent, the principal diluent being 
methylcyclopentane. 


Apparatus 

\ diagrammatic flow sheet of the apparatus is pre- 
sented in Figure 1. 

1. Still and Condenser. The apparatus consisted 
essentially of a single-tube still and a single-tube con- 
denser. The still was 21% inches long, and the con- 
denser was 205% inches in length. Both the still and 
condenser were constructed from standard 6-inch iron 
pipe, with standard 6-inch flanges and standard 6- 
inch steel end plates. The still and condenser each 
contained four windows which permitted visual ob- 
servation of thé boiling and condensing. The vapor- 
transfer line between the still and condenser was con- 
structed from 2-inch iron pipe. A cap was placed 
over the vapor inlet in the condenser to distribute 
the vapor. 

The tubes passed through the center of the still 
and condenser. They were copper tubes with a nomi- 
nal diameter of 1.315 inches and an inside diameter 
of 0.951 inches. These are the dimensions of 1-inch 
€xtra-heavy iron pipe. Four copper-constantan 
thermocouples were. spaced uniformly along each 
tube. The installation of these thermocouples was 
described and illustrated by Baker and Mueller.’ 
The thermocouples were constructed from No. 30 
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copper and constantan wire, and the leads were 
protected by brass ,tubing which had a nominal 
diameter of 0.08 inches and an inside diameter of 
0.05 inches. Collars, consisting of 4-inch lengths 
of 1%-inch iron pipe, were slipped over the tubes 
and the brass tubing containing the thermocouple 
leads. The annular space between each collar and 
tube was filled with solder. The distances between 
the collars on the still and “condenser tubes were 
211% and 20% inches, respectively. Before the copper 
tube - thermocouple assemblies were installed, the 
tubes were cleaned with emory cloth. Packing glands 
at each end of the still and condenser made it pos- 
sible to rotate the copper tube-thermocouple assem- 
blies. Details of packing glands and collars were also 
described by Baker and Mueller.’ 

A copper trough was placed under the condensing 
tube to collect the condensate from the tube. A short 
trough and an umbrella were attached to each of the 
end plates in the condenser. The position of the short 
troughs was such that they collected the condensate 
from the extremities of the condensing tube and pre- 
vented this condensate from flowing down the faces 
of the end plates. The position of the umbrellas was 
such that condensate formed on the end plates was 
deflected away from the collecting troughs. 

2. Auxiliaries. A preheater, preheating the cooling 
water, made it possible to vary the temperature of 
the cooling water and the temperature differential 
across the condensing film. An auxiliary condenser 
was provided so that the non-condensable gases could 
be swept from the principal condenser. The conden- 
sate streams from the condensing tube, the con- 
denser shell and the auxiliary condenser were passed 
through coolers in order to reduce the losses by 
evaporation and to insure a more accurate measure- 
ment of the quantity of each stream. A mist extrac- 
tor was placed in the steam line, and the steam sup- 
ply to the still was considered to be saturated. 


C. Experimental Procedure 

Measurements of the rate of flow and tempera- 
ture rise of the cooling water, tube wall temperatures, 
temperatures in the still and condenser, temperature 
of feed to still, quantities and temperatures of con- 
densate from condensing tube, condenser shell and 
auxiliary condenser and quantity and pressure of 
steam to the still were made at 45 degree intervals 
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TABLE 1 
Experimental Data 






















































































































| COOLING WATER 
MEAN TEMPERATURE 
CONDENSATE LB./MM. OF TUBE °F. TEMPERATURE °F. STEAM TEMPERATURE °F. | Temp. “F. 
——_— OO OO SE - —_ eed te 
RUN | Off Tube Total Still Condenser | In Still [In Condenser! Lb./Min. Psia Lb. Min. Inlet Outlet Still 
Recs Seat WATER 
i | nl | 
1 | osm | 0.736 232.6 195.6 | 211.6 | 10.7 0.796 31.7 23.89 so | 828 140.2 
2 0.687 | 0.742 | 233.05 | 2013 211.2 | 210.5 0.863 30.6 19.97 | 53.6 | 86.9 124.0 
3 0.427 0508 | 295 | 2057 | 208 | 2105 0.663 | 265 21.25 | 14s | 134.35 111.0 
etre ret NORMAL HEXANE 
| | | | | 
4 0.603 | 1.146 172.8 | 102.8 | 155.0 | a0 | 0.293 14.4 260 | sea | 61.06 | 97.0 
5a 08st | 1800 | 1790 1068 | 155.2 155.0 | 0.390 144 | 23.02 | 60.25 | 64.97 110.5 
5b 0.792 | 41.710 177.7 127.4 155.7 155.2 | 0.363 44 | 23.67 | 10615 | 10703 | 1134 
6a | os | 1400 | 1764 106.2 155.7 155.0 | 0.299 14.4 283 | 5735 | 6262 | 1035 
6b | 0604 | 0.876 171.9 | 112.5 155.7 154.5 0.178 14.4 23.01 75.70 | 80.11 | 950 
rm a aia aii | | 
NON-CONDENSIBLES 
AUXILIARY CONDENSER 
CONDENSER 
THERMOMETER om | = Yale 
O 0 To WEIGHING 
COOLING WATER ORIFICE PREHEATER Tan 
COOLERS 
THERMOCOUPLE 
= we on l FEED TROUGH | 
WINDOWS 
t——" i—'" a 
. 
O O COOLER 
LOW -PRESSURE 
STEAM 
extract —_ 
‘oR 
CORDENSATE 
FIGURE 1 


Diagrammatic flow sheet. 






FIGURE 2-A FIGURE 2-B 








General views of apparatus. 
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TABLE 2 
Boiling Film Coefficients for Water and Normal Hexane 
































































HEAT TRANSFERRED TEMPERATURE FILM COEFFICIENT 
Btu/Hr. DIFFERENTIAL °F. Btu/(Hr.) (Sq. Ft.) (°F) 
RUN Q1 Qe Ati Ate hi he 
4 WATER 
1.....| 45,000 44.800 18.3 18.3 4030 4010 J 
2 48.800 48.400 18.9 18.9 4230 4200 5 
3 37,800 33,900 16.4 16.7 3770 3330 a 
> 2 
a NORMAL HEXANE 
z 
4 | 17,100 14,800 16.8 16.9 1660 1440 = 
5a | 22,700 22,900 22.4 22.4 1660 1680 = 
5b 21,100 21,900 20.7 20.7 1670 1730 - 
6a....| 17,400 15,500 19.6 19.8 1450 1280 
6b | 10,500 10,500 15.6 15.6 1100 1100 


























Note: Area of boiling film=0.610 sq. ft. : 

Values followed by subscript 1 were based on heat transfer as measured by the quantity 
of steam drips. 

Values followed by subscript 2 were based on heat transfer as measured by the quantity 
of water or normal hexane vaporized and estimated beat loss in still. 





POSITION AROUND TUBE 
FIGURE 4 
Temperature variations around tube when boiling water. 


/twice. A preliminary calibration was made before in- 
quantities of condensate from the condensing tube, 
condenser shell and auxiliary condenser were deter- 
mined from the volume and temperature of each 
stream, 

III. Experimental Results 


A summary of the experimental heat-transfer data 
is given in Table 1. Summaries of the outside boiling 
and condensing film coefficients for water and nor- 
mal hexane are given in Tables 2 and 3. The inside 


F 


TABLE 3 


Film Coefficients for Drop-Wise Condensation of Water and 
Film-Wise Condensation of Normal Hexane ° 


8 
sq. ft 


the 


























| HEAT TRANSFERRED TEMPERATURE FILM COEFFICIENT 
Btu/Hr. DIFFERENTIAL °F. Btu/(Hr.) (Sq. Ft.) (°F) 
RUN | Q: Q2 Ati Ate hi ho 
© INSIDE ONE-INCH COPPER TUBE WATER 
TYPE OF CONDENSATION UNKNOWN) 
x QUTSIDE ONE-INCH COPPER TUBE ee 39,700 39,900 12.6 12.6 5,320 . 
(DROP-WISE CONDENSATION) — ore 40,300 39,400 6.7 6.7 10,150 9,920 
ey 25,000 600 3.2 3.2 13, 13,520 





NORMAL HEXANE 







































































co, 6,040 6,940 50.8 50.8 201 231 
Sa....| 7,680 6,520 47.7 47.8 272 230 
3 4 5 6 7 89 0 15 20 30 40 50 (eS 6,900 oy = ws = = 
6a....|° 7,250 230 48. 48 
Pe oa " eaee >: ss 6b....| 5,330 6,080 41.7 41.6 216 245 
Coefficients of heat transfer—condensation of steam. Note: Area of Condensing Film=0.592 sq. ft. 
Values followed by subscript 1 were based on heat transfer as measured by quanttyi 
. . of water or ncrmal hexane condensed on tube. 
as the tubes were rotated. In connection with the Values followed by subscript 2 were based on heat transfer as measured by heat absorbed 
study of normal hexane, rotation of the still tube was | >Y the cooling water. 
made at 90 degree intervals. Because of the activity TABLE 4 
in the still, rotation of the still tube at 455 degree Inside Film Coefficient for Condensing Steam 
intervals appeared superfluous, 
The tube-wall thermocouples were calibrated , HEAT TRANSFERRED TEMPERATURE FILM COEFFICIENT 
Ren ~ Btu/Hr. DIFFERENTIAL °F. | Btu/(Hr.) (Sq. Ft.) (°F) 
stallation in order to detect any faulty thermocouples. peti datatieg 3 ook 
They were calibrated again after the tubes and ther- *°% ~ e an ap Pe: 8 
mocouples were in place. Measurements were made wiles 
with a semi-precision type potentiometer. The tem- 
perature rise of the cooling water was measured }...-. om soe aA af oe ore 
with thermometers which permitted readings to 8... 37,800 33,000 Mt 4 7700 6740 
0.1°C. The calibration of both thermocouples and §,°°"'| 29°70 29°90 30.4 30.4 1690 1710 
thermometers was made using mercury thermome- >| Se — bay oy = = 
ters which had been calibrated at the National Bu-  6b...:| 10,500 10,500 38.4 38.4 620 620 
lg of Standards. The pressure gage in the steam 
i ; ; ¥ ; Note: Area of condensing film=0.441 sq. ft. 
ne was calibrated with a dead-weight tester. Valese followed ty cobewiet 1 wore basod on beet tentter ab Ly the Quast 


The flow rate of the cooling water and the quantity _ of steam drips. 
of steam drips were determined by weighing. The of waa rescore’ by subscript 2 Tend eetiosted heat les ia setooenns by ener 
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condensing film coefficients for condensing steam are 
presented in Table 4. The temperature variations 
around and along the condensing and boiling tubes 
_are illustrated with data obtained during Run 3 with 

water and during Run 6a with normal hexane; these 
data are given in Tables 5 and 6. 

In connection with Tables 2 and 4 the values fol- 
lowed by subscript 1-were based on heat quantities 


TABLE 5 


efficients for normal hexane are correlated well with 
the Nusselt equation.* 

Concerning the temperature variations around the 
condensing tube, the maximum tube-wall tempera- 
ture was at the top of the tube, and the minimum 
temperature was at the bottom of the tube. The thick- 
ness of the condensate film was least at the top and 
greatest at the bottom of the tube. The average tem- 


sepesenere Distribution Around and Along the acme Tube® 





2 | 
DROP-WISE CONDENSATION 2] 
OF WATER (RUN 3) 








FILM-WISE CONDENSATION 
OF NORMAL HEXANE | RU N 62) 
























































ine Pinta 4 | 
Position Thermocouple Number Position | ‘Thermocouple Nenber 
Around | — —- Around _————_—  -_—_——_ | —— 
Tube | 1° 2 | es foe | 0 | 2 3 ‘ 
Top | 205.0 208.7 | 208.2 | 2086 | Top... | 106.7 | 1083 (ec) 108.8 
45 | 204.2 203.5 207.0 | 209.0 | 45 i 105.5 108.0 108.8 
90 204.6 203.1 207.3 | 209.0 | 90 | 104.2 106.8 107.5 
135 204.1 202.8 207.5 208.3 135 103.0 105.4 106.1 
Bottom 202.7 201.8 206.8 207.4 Bottom 101.8 103.6 104.6 
225 205.1 201.7 | 207.3 208.0 225 | 103.0 104.1 } 105.8 
270 204.1 201.8 207.6 | 208.0 270 104.7 105.5 107.2 
315 205.7 203.7 207.6 | 208.5 315 105.5 106.0 ‘ 108.5 
Top | 204.5 202.7 208.0 207.9 Top 106.3 108.0 108.8 
Average 204.4 2028 | 207.5 | 2083 Average. . 104.5 | 106.2 | ; 107.4 
| 
* All temperatures are given in degree F. 
»* Thermocouple Number 1 was located nearest the inlet of the cooling water. 
* Thermocouple Number 3 became shorted during investigation of normal hexane 
f TABLE 6 
Temperature Distribution Around and Along the Boiling 
= — — _ — - 
WATER (RUN 3) | _ NORMAL HEXANE (RUN 5») 
Position Thermocouple Number Position Thermocouple Number 
Around |—— a Around anna! Weaee tanees (a ae” 
Tube 5 6 7e 8t Tube 5 6 | 7 8 
} i. , 
Top 232.0 | 230.6 | 223.9 | 232.5 Top: 161.5 169.2 | 187.7 193.5 
45..... 231.5 | 230.8 223.5 | 229.7 
90 231.5 230.8 | 223.5 229.2 90 161.8 | 176.6 186.8 | 192.8 
135 227.9 | 297.8 222.8 229.1 
Bottom 224.8 | 223.0 221.2 | 224.7 Bottom | 164.1 | 169.5 176.6 | 177.0 
Sry 228.9 228.0 | 222.8 | 225.3 
a 231.2 230.1 | 223.5 | 226.7 | 270 162.2 1794 | 187.1 160.6 
(eee 230.6 223.3 | 229.0 ' 
eh wait 231.5 230.8 223.6 | 231.8 Top 161.5 166.7 | 188.3 194.6 
— a _ — = —|— a ——— ——— 
Average. 230.5 229.2 223.1¢ | 298.7 Average 162.2 172.3 185.3 187. 
| 














® All temperatures are given in degrees F. 
> Thermocouple Number 8 was located nearest the steam entrance. 
¢ During the investigation with water thermocouple 7 was not considered reliable 


as measured by the quantity of steam drips. The 
values followed by subscript 2 were based on the 
quantity of steam or normal hexane vaporized and 
the estimated heat loss from the still. In connection 
with Table 3 the values followed by subscript 1 
were based on heat transfer as measured by the 
quantity of water or normal hexane condensed on 
the tube. The values followed by subscript 2 were 
based on the heat absorbed by the cooling water. At- 
tention is directed to the fact that the inside and out- 
side skin temperatures of the boiling and condensing 
tubes were calculated assuming the tube thermo- 
couples were located exactly in the center of the 
tube wall. 


The boiling film coefficients for water compare 
quite well with those published by Bonilla and 
Perry®.. The boiling film coefficients for normal hex- 
ane appear to be the only data which have been pub- 
lished concerning this compound. In connection with 
condensing films attention is directed to the fact 
that drop-wise condensation was obtained with water 
and film-wise condensation was obtained with normal 
hexane. The film coefficients for drop-wise conden- 
sation of water compare quite well with those re- 
ported by Fitzpatrick, Baum and McAdams.* The 
experimental data concerning condensing film co- 
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perature along the condensing tube increased from 
the water-inlet- end of the tube to the water-outlet 
end. 

The temperature variations around and along the 
boiling tube were less regular than the variations 
around and along the condensing tube. In connection 
with water the maximum temperature was at the 
top of the tube and the minimum temperature at the 
bottom. The collection of condensate in the bottom 
of the tube contributed markedly to that variation 
of the tube-wall temperatures. The temperature along 
the boiling tube could be considered quite uniform. 
When vaporizing normal hexane with atmospheric 
steam, the temperature differential was large. There 
was much activity in the still, and this may explain 
the many temperature variations around the boiling 
tube. The average temperature at the steam inlet 
end of the tube was much higher than the average 
tube temperature at the other end. This indicated 
the possibility of film boiling at the steam-inlet end 
of the tube. 
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" Synthine process 


ll. THE CATALYTIC SYNTHESIS, INCLUDING CATALYSTS AND 








, REACTION MECHANISMS 
JOHN C. LANE seit ee 
Gulf Research & Development Company te is the second in a series of four articles on the 
and ; Synthine process being prepared by B. H. Weil and 
B. H. WEIL John C, Lane. The authors are, respectively, Chief of 


Georgia School of. Technology 


‘tax first article in this series has dealt with the 
history of the Synthine process and with the various 
methods and raw materials employed in the prepara- 
tion of synthesis gas. Once a suitable gas has been 
prepared, regardless of its source, the next step in the 
Synthine process is the catalytic synthesis, which 
consists of the hydrogenation of carbon monoxide 
over such catalysts and under such conditions that the 
reaction product consists of hydrocarbons of various 
chain lengths and degrees of saturation. Depending 
upon a number of factors, chiefly the ratio of hydro- 
gen to carbon monoxide in the synthesis gas and the 
type of catalyst employed, one or the other of the 
following reactions predominates in the synthesis 
(although both almost always take place to some 
extent) :147 


nCO + (2n +1) H: ~ CaHm+2+ nH:O (1 
nCO + 2nH, => C,H: — nH:.O (2 


) 
) 

The first of these reactions is favored by relatively 
high ratios of hydrogen to carbon monoxide and 
catalysts of strong hydrogenating power, while the 
second is favored by low hydrogen-carbon monoxide 
ratios and catalysts of less strong hydrogenating 
ability. 

When iron catalysts are used instead of those con- 
taining nickel or cobalt, the reaction becomes :!% 


2nCO + nH: > C,H + nCO; (3) 


_ As might be expected, since the Synthine reaction 
is exothermic and involves a reduction in volume, 
relatively low temperatures and somewhat elevated 
pressures favor the reaction. The synthesis is gen- 
erally conducted at temperatures of approximately 
375° F. with nickel- or cobalt-containing catalysts and 
at about 465° F. with iron catalysts. Except in cases 
where a specific product is desired (such as high- 
molecular-weight wax), the usual operating pressure 
lies somewhere between zero and 150 psig. The syn- 
thesis gas is passed through reaction chambers in 
one or more stages, with or without recycle of the 
unconverted portion ;7° the heavier products are con- 
densed from the residual gas; and the lighter prod- 
ucts are adsorbed on charcoal (in the atmospheric 
synthesis) or absorbed in oil (in the medium-pressure 
synthesis). Considerable variations in the quantity 
and types of products are obtained under different 
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reaction conditions, as will be brought out in sub- 
sequent sections of this article. However, prior to 
discussion of the effect of the reaction variables, it 
might prove instructive to review the theories ad- 
vanced on the mechanism of the process and to men- 
tion the various types of catalysts which may be 
employed. 


Reaction Mechanisms 


Most of the theories regarding the reaction mecha- 
nisms of the Synthine process stipulate the interme- 
diate formation and decomposition of carbides of the 
catalyst metals. It has been shown that iron, cobalt, 
nickel, and ruthenium (those metals which best cata- 
lyze the reaction) all possess the common property 
of forming relatively unstable carbides of nonionic 
crystal structure when exposed to carbon monoxide 
at temperatures within the range employed in the 
Synthine process.?°® Below about 660° F., these car- 
bides will react with hydrogen, being quantitatively 
converted to methane plus a small amount of eth- 
ane.!83, 184, 185. However, at temperatures above 
660° F., the carbides tend to decompose to carbon.1*8 
In view of this behavior of the carbides of Synthine- 
catalyst metals, it may be interesting to note that 
the optimum temperature ranges for the synthesis 
reaction lie below 660° F., the temperature above 
which the carbides break down to carbon.1** 


Fischer’?® has long been of the opinion that methy- 
lene radicals, (CH,),, are formed when the carbides 
are treated with hydrogen and that the products of 
the synthesis are formed by the combination of these 
radicals into chains of various lengths and degrees 
of saturation. At least as late as 1935, he was not 
willing to choose between two possible explanations 
for the mechanism of methylene-radical formation 
from the catalyst carbides.1** He assumed either: (1) 
that the normal carbide, Me,C, is formed in the pres- 
ence of carbon monoxide and then reduced by hydro- 
gen to the metal, giving rise to methylene radicals, 
or (2) that the normal carbide, Me,C, is carbonized 
to a higher carbide, Me,C,, which, upon reduction to 
the normal carbide, forms the (CH,) radicals. Ac- 
cording to Fisher’s beliefs, this step of the reaction 
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with nickel or cobalt catalysts may be represented 
by the equation :!*° 

CO + 2H: — (CH;) + H:O (+ 175 Btu) 
and, with iron catalyst, by the equation: 

2CO + Hs > (CHs) + COs (+ 173 Btu) 

Fischer’s reasoning may be summed up as follows: 
since only Group 8 metals which are known to react 
with carbon monoxide at temperatures near 390° F. 
are suitable as Synthine catalysts, and since the car- 
bides of these metals are found in the spent catalysts, 
it appears that carbides are formed by the interaction 
of the catalytic metals with carbon monoxide and 
that the methylene raidcals are produced by sec- 
ondary hydrogenation of these carbides. ?* In 
1938, Fischer reiterated his assumption that the 
mechanism may involve the alternate formation of 
higher and lower carbides.’® 

As mentioned in the introduction to this series, one 
of the current theories presupposes that the catalyst, 
in addition to giving rise to methylene radicals, also 
influences both their polymerization to hydrocar- 
bons and the subsequent hydrogenation of these 
hydrocarbons.'*° Experiments reported by Hering- 
ton and Woodward?" indicate that two types of ac- 
tive centers are present on the surface of a cobalt 
Synthine catalyst. The Type A center (probably co- 
balt carbide) is considered responsible for the forma- 
tion of methylene radicals and their polymerization 
to hydrocarbons. The Type B center (probably me- 
tallic cobalt) is believed to provide the surface upon 
which the hydrogenation and chain-liberation occurs. 
“The predominance of one or the other type of: center 
explains some of the problems of preliminary methane 
formation and catalyst poisoning.’’!*° 

Komarewsky and Riesz® are also of the opinion 
that Synthine catalysts must possess both a poly- 
merizing and a hydrogenating effect, in addition to 
the ability to form carbides of suitable stability. They 
have pointed out that nickel, cobalt, and iron form 
suitable carbides and possess hydrogenating ability ; 
when pure nickel is used as catalyst, however, only 
methane is formed in the synthesis step, and hydro- 
polymerization to form higher hydrocarbons does not 
take place. In such cases, a multi-component, “com- 
plex-action” catalyst seems required, and this is borne 
out by the fact that the catalyst compositions most 
favored for the Synthine reaction are, as mentioned, 
composed of several elements. 

Experiments reported by Craxford and Rideal have 
seemed to indicate that the reaction between carbon 
monoxide and cobalt to form cobalt carbide is far 
too slow to explain the rate of synthesis of hydro- 
carbons from hydrogen-carbon monoxide mix- 
tures.**” **° However, recent tests conducted by the 
United States Bureau of Mines indicate that the rate 
of carbiding is of the same order of magnitude as the 
synthesis rate.*** Craxford’s suggested mechanism for 
the cobalt-catalyzed synthesis assumes that the first 
step is the reaction of both carbon monoxide and 
hydrogen to form the carbide :*** ** 


2Co + CO + H: > Co:C + H:O 


This reaction (which occurs more rapidly than car- 
biding with carbon monoxide alone) involves: (1) 
chemisorption of carbon monoxide on the catalyst, 
(2) reduction of the chemisorbed carbon monoxide 
by hydrogen to give the carbide, and (3) reduction 
of the carbide by molecular hydrogen to chemisorbed 
methylene. In all their experiments, Craxford and 
Rideal noted a parallel relationship between ortho- 
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para hydrogen conversion and methane formation, 
When methane was the main product, the ortho-para 
conversion was high (an indication of the presence 
of chemisorbed hydrogen) ; conversely, when higher 
hydrocarbons were being produced, the ortho-para 
conversion amounted to only a few percent. This led 
them to the belief that a relationship may exist be- 
tween the quantity of chemisorbed hydrogen on the 
catalyst surface and the products of the synthesis; 
i.e., that, in the présence of a large amount of chemi- 
sorbed hydrogen, methane is formed from the reac- 
tion ; while in the presence of smaller quantities, re- 
duction of the carbide (presumably by molecular 
hydrogen) occurs with the production of higher 
hydrocarbons. The latter step may occur through the 
formation of polymethylene macro-molecules on the 
catalyst surface, their reduction by molecular hydro- 
gen, and subsequent desorption. 

Storch? has pointed out the possibility that hydro- 
gen may catalyze the formation of metal carbides by 
forming an unstable metal hydride. “This may result 
in sufficient distortion of the metal lattice so that, 
upon removal of the hydride hydrogen (by decompo- 
sition or by reaction with neighboring metal carbide 
or adsorbed ‘carbon monoxide), penetration of the 
lattice by carbon monoxide is accelerated.” The fact 
that iron catalysts sintered in hydrogen at 1560° F. 
are quite active is pointed out by Storch?* as lending 
weight to the premise that only a very small fraction 
of the catalyst surface possesses the critical spacing 
of metal atoms which is necessary to facilitate the 
synthesis reaction. 

Summing up what is known or assumed of the 
reaction mechanism of the Synthine process, and at- 
tempting to explain the synthesis reaction in the light 
of the carbide-methylene radical theory, carbide for- 
mation would seem to be the first step, followed by 
establishment on the catalyst surface of a “steady 
state” which involves polymerization, reduction, and 
desorption of the methylene and polymethylene 
groups, the extent of the polymerization being de- 
termined by the rate of desorption. Low conversion 
of the catalyst metal to its carbide and/or a rapid 
rate of desorption of the methylene groups cause a 
low concentration of methylene groups on the cata- 
lyst surface, and polymerization is consequently re- 
tarded. Under these conditions, methane is the main 
product, and ample active surface is provided on the 
catalyst surface for ortho-para hydrogen conversion. 
The high production of methane (to the exclusion 
of higher hydrocarbons) which is experienced when 
breaking in a new catalyst is explained by the neces 
sity for covering the catalyst surface with poly- 


- methylene groups to slow up the reduction of the 


methylene radical to methane. The accelerated rate 
of desorption of methylene groups at higher tempera- 
tures might account for the fact that methane 
production predominates at temperatures above 
480° F132 

The reaction mechanism proposed by Matsumura, 
Tarama, and Kodama**! assumes the transient ex 
istence of the metal oxide in the catalyst-carbiding 
step and the subsequent formation of chemisorbed 
water by the reduction of this oxide with hydrogen 
from the synthesis gas. These investigators considef 
the first step of the reaction to be: 


CO + 3Me — Me.C + MeO 
Their explanation for the formation of hydrocarbons 
is not markedly different from those of the catalyst 
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carbide theories previously discussed. However, the 
interesting feature in their theory is the explanation 
it affords for the formation of water as a reaction 
product of the synthesis over cobalt, and of carbon 
dioxide from the reaction over iron. They believe 


that: 

(1) Through combination with atomic hydrogen adsorbed 
on the catalyst, the carbide forms methylene groups 
which, during their residence upon the catalyst, are 
polymerized, reduced, and converted into hydrocar- 
bons. The hydrocarbons so formed, present in the 
adsorbed state on the catalyst, eventually become de- 
sorbed. The three processes (polymerization, reduc- 
tion, and desorption) occur successively in respective 
order, attaining a sort of “steady state” in which hydro- 
carbons of various molecular weights are produced. 
Hydrocarbons of the gasoline range are formed over 
cobalt catalysts at temperatures above 320° F. because 
only above this temperature are sufficient quantities 
of active hydrogen adsorbed on the catalyst. 

The higher reaction temperature required when iron 
catalysts are used may be explained by ‘the fact that 
the temperature of formation of iron carbide from the 
metal and carbon monoxide is greater than that for 
cobalt carbide formation. 
The subsequent reduction with hydrogen of the metal 
oxide formed in the catalyst-carbiding step gives rise 
to water which is chemisorbed on the catalyst surface. 
With cobalt catalysts, the rate of desorption of chemi- 
sorbed water is greater than with iron catalysts. Thus, 
in the case of the reaction over cobalt, the chemi- 
sorbed water is rapidly desorbed and appears as a 
reaction product. However, when iron catalysts are 
used, there is greater opportunity for the carbon 
monoxide in the synthesis gas to form carbon dioxide 
by reaction with the metal-oxide areas on the catalyst 
surface, accounting for the appearance of carbon diox- 
ide in the reaction products. 


Catalysts 


The catalytic metals used by Fischer and Tropsch 
in their early experiments were iron and cobalt, the 
former being activated with copper and alkali and 
the latter with zinc oxide. Their experience using 
nickel was disappointing, and they attributed this 
fact to the known powerful hydrogenating influence 
of nickel, believing that it caused direct hydrogena- 
tion of the carbon monoxide to methane. However, 
they later found nickel to yield liquid hydrocarbons 
when combined with other catalytic materials.’% In 
the light of the theory that a Synthine catalyst must 
encourage both polymerization and hydrogenation, 
the failure of nickel alone to catalyze the synthesis 
of higher hydrocarbons might be explained, as men- 
tioned, by its lack of polymerizing ability. 

While admixture with other eatalytic or activating 
materials is necessary in the case of nickel, it is also 
highly desirable in the case of the other catalytic 
metals. The added materials may serve one or more 
of the following purposes; they may: (1) supply a 
catalytic effect not possessed by the catalytic metal 
alone; (2) activate or promote the catalyst; (3) fa- 
cilitate catalyst preparation, conditioning, or regen- 
eration; (4) inhibit catalyst poisoning; (5) improve 
the physical nature of the catalyst; and/or (6) pro- 
vide a support for the catalytic metal. Superior re- 
sults have been obtained with those multicomponent 
catalysts in which (1) each component has been 
selected for its particular effect upon the reaction and 
(2) the relative proportions of these components have 
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Catalyst testing units in Bureau of Mines Synthine laboratory, showing recording and indicating flowmeters. 
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been adjusted to give composite masses capable of 
directing the synthesis toward the production of 
hydrocarbons of desired molecular weight and struc- 
ture. The practical application of the Synthine process 
already requires “complex-action” catalysts,”’° and it 
would logically appear that the development of modi- 
fications of the process to yield special-type hydro- 
carbons will, in the future as in the past, largely de- 
pend upon the results of catalyst research and de- 
velopment. 

The choice of the catalytic metal has, in itself, a 
definite influence on the degree of saturation of the 
products of the synthesis. Cobalt is intermediate in 
hydrogenating power, its replacement by nickel in 
Synthine catalysts leading to the formation of more 
saturated products and its replacement by iron re- 


sulting in greater yields of olefins.’ 
The theoretical yield from one cubic meter of 
“ideal” synthesis gas (2H,+1CQO) is 208 grams 


(about 13 pounds per 1000 cubic feet). However, in 
actual practice, the synthesis gas always contains a 
considerable quantity of inert materials (CO,,N,, 
CH,, etc.) ; for this reason, even with a catalyst giving 
total conversion, the yield will rarely exceed about 
180 grams (11.2 pounds per 1000 cubic feet) .?** 

The more active Synthine catalysts consist of mix- 
tures of cobalt and/or nickel with activating mate- 
rials such as alumina, thoria, or other difficultly re- 
ducible metal oxides. These catalysts give fairly high 
yields (up to about 170 grams per cubic meter) at 
temperatures of about 374° F. Recent experiments 
with iron catalysts have shown that at higher tem- 
peratures and pressures, such as 465° F. and 150 
pounds per square inch, yields may be obtained which 
are comparable in quantity to those from cobalt or 
nickel complex catalysts.'*° 


Supported Nickel Complex Catalysts 

Complex catalysts containing nickel or cobalt as 
the prime catalytic metal and other elements and 
compounds as supplemental catalytic agents are gen- 
erally prepared by coprecipitation of the chemically 
active ingredients upon the inert carrier. One such 
method involves the addition of alkali carbonates to 
solutions of the nitrates of the desired components 
in the presence of sufficient kieselguhr to serve as a 
support. During the precipitation, the kieselguhr is 
kept in suspension by mechanical agitation ; the mix- 
ture is then filtered, washed, dried, and reduced with 
hydrogen. In the case of nickel-manganese-alumina 
catalysts, carrying out the preciptation in the pres- 
ence of ammonia is said to increase the yield in the 
subsequent synthesis step and to lower the temper- 
ature for optimum reduction of the catalyst from 
about 840° F. to 5%0-660° F.1% ; 

Catalysts consisting of 100 parts nickel; 20 parts 
manganese oxide; 4-8 parts thoria, alumina, tungstic 
oxide, or uranium oxide; and 125 parts kieselguhr 
have been found to yield from 0.75-1.2 gallons of 
liquid hydrocarbons per 1000 cubic feet of synthesis 
gas at temperatures of 365-410° F. and a space ve- 
locity of- about 150 volumes of synthesis gas per 
volume of catalyst per hour.?®: 71% 25? 

In its search for a longer-lived catalyst, Robinson- 
Bindley Processes, Ltd. (now known as Synthetic 
Oils, Ltd.) developed a nickel-manganese-alumina 
catalyst precipitated on kieselguhr. This catalyst was 
additionally supported by grinding it, moistening it 
with a partly hydrolyzed solution of ethyl orthosili- 
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cate in toluene, and extruding it in rods through a 
quarter-inch nozzle. Upon exposure to moist air for 
several days, the hydrolysis of the ester was com- 
plete, and a porous silica-kieselguhr-supported cata- 
lyst was obtained.17® 186 

Fischer early patented complex nickel catalysts 
prepared by the coprecipitation technique, specifying 
thorium, aluminum, and cerium compounds as suita- 
ble activating materials.25* 273 Russian inv estigators 
have also studied complex nickel catalysts.*"* **° 


Supported Cobalt Complex Catalysts 

Kieselguhr-supported mixtures of cobalt and thori- 
um oxide (and/or other activating materials) are the 
“standard” catalysts for the Synthine process. Such 
catalysts give high yields of primary product and, in 
their present state of development, possess fairly long 
active lives. The catalyst used exclusively by the 
Germans in their commercial-scale Synthine plants 
during the late war was of this type, and a description 
of its composition, preparation, conditioning, regen- 
eration, and reworking may be found in the section 
of this article dealing with captured German infor- 
mation. According to one interrogated German, “It 
has been possible in a modern synthesis plant (using 
the wartime catalyst) to produce 168 grams of pri- 
mary product per cubic meter of sy nthesis gas, and 
also R. obtain approximately 94 percent of the theo- 
retical yield 180 grams (from synthesis gas con- 
taining inerts).”47 Expressed in English units, this 
is a yield of 10.5 pounds per 1000 cubic feet out of a 
possible 11.2 pounds. 

In 1935, after testing “several hundred” catalysts, 
Fischer! stated that cobalt-thorium- kieselguhr cata- 
lysts had given the best resultS up to that time. He 
also reported that the addition of two percent of 
copper to the catalyst greatly increased the ease of re- 
duction of the catalyst. The experiments of Fischer 
and his co-workers with the Co-Cu-ThO,-kieselguhr 
catalyst have been reported by both Koch and Pich- 
ler.?71*+ 226 

Several Japanese investigators have studied kiesel- 
guhr-supported cobalt catalysts, reporting quite high 
yields from compositions consisting of 5-10 percent 
of copper, 4-12 percent of manganese oxide, and 4- 12 
percent of thoria, alumina, or uranium oxide.2° 21% 

As mentioned, all commercial-scale Synthine opera- 
tions in Germany appear to have been conducted over 
a more or less standard type of cobalt-thoria-mag- 
nesia-kieselguhr catalyst.2° Upon questioning, a num- 
ber of German technical men maintained that all syn- 
thesis plants in Western Germany were supplied with 


a catalyst cotaining 100 parts Co, 5 parts ThO,, § 
parts MgO, and 180-220 parts kieselguhr.*® *” How- 


ever, a tentative analysis of what was said to be fresh 
catalyst obtained from Ruhrchemie at Oberhausen- 
Holten indicated 8.8 parts ThO,, 4.4 parts MgO, and 
260-330 parts kieselguhr to every 100 parts of Co.’ 
Magnesia-containing catalysts are said to have been 
in use since 1938, their introduction having made 
possible catalyst lives of up to eight months at nor 
mal pressure.** According to Dr. F. Martin, manag- 
ing director of Ruhrchemie A.-G., the magnesia was 
added solely to increase the hardness of the resulting 
catalyst and thus to reduce its tendency to disinte- 
grate to dust in the ovens, since such dust causes 
bad gas distribution and leads to “hot spots” in the 
oven. Martin stated that catalysts containing the full 
amount of thoria produced more paraffin and that 
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the substitution of magnesia decreased this produc- 
tion, it being necessary to strike a compromise be- 
tween the relative proportions of thoria and magnesia 
in order to obtain a catalyst giving high production 
and possessing good physical strength. Prof. Dr. 
\lberts, director at Castrop-Rauxal and former man- 
ager of the Sterkrade-Holten plant, said that the in- 
corporation of magnesia in the catalyst also contrib- 
uted to the east of initiating the synthesis and to the 
depression of methane and carbon formation.*® 

The kieselguhr used in such catalysts reportedly 
must contain less than 1 percent of iron or excessive 
methane production will be obtained during the syn- 
thesis. Its content of uncalcined aluminum trioxide 
also must be low (0.4 percent or less), otherwise the 
catalyst tends to gel. German practice was to calcine 
the kieselguhr, prior to use, at 1100-1300° F., after 
which it should not contain over 1 percent total vola- 
tile matter, including water. Although the iron in the 
kieselguhr may be removed by acid treatment, it was 
believed that the advantage gained by the iron re- 
moval is overbalanced by the loss of desirable physi- 
cal structure when acid treatment is employed.*® 

The catalyst was prepared from a solution of the 
corresponding nitrates (in suitable proportion) by 
precipitation at about 212° F. with sodium carbonate. 
After washing, drying, and screening, the finished 
catalyst particles were 1-3 millimeters (0.04-0.12 inch) 
in size and had a bulk density of 320-350 grams per 
liter (20-21.8 pounds per cubic foot). Reduction of 
the catalyst was reportedly effected by treating it 
with ammonia synthesis gas (H,, 75 percent; N,, 25 
percent) preheated to about 860° F. at a space ve- 
locity of around 8800 for some 40-60 minutes. Opti- 
mum regeneration conditions were said to be difficult 
to determine; in general, the lower the reduction 
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Courtesy W. C. Schroeder, U. S. Bureau of Mines 
Synthine catalyst manufacturing plant at Sterkrade-Holten, the only commercial catalyst plant in Germany. 


temperature the better, but lower temperature re- 
quire the use of longer times.*® A similar process of 
catalyst manufacture (carried out at the Carrieres- 
Kuhlman plant at Harnes, France) has been de- 
scribed in detail.*% 

According to the information obtained, the spent 
catalyst from all Western Germany’s synthesis plants 
was returned for reworking to Ruhrchemie at Ster- 
krade-Holten, the plant where it was produced. A 
flow diagram of this catalyst-reworking plant has been 
published.*® The components of the spent catalyst 
were converted to the corresponding nitrates by re- 
action with nitric acid (about 36° Baume), then 
treated to recover the cobalt and thorium. The mag- 
nesium was discarded, since its value was not con- 
sidered great enough to warrant the effort of purifica- 
tion. Details of the catalyst-recovery operation have 
been outlined by Aldrich.!** 15° 


Supported Cobalt-Nickel Complex Catalysts 


As previously mentioned, cobalt catalysts give 
lower methane yields and more olefins in the product 
than do nickel catalysts. However, about 50 percent 
of the cobalt may be replaced by nickel without loss 
of these advantages.**7 In his experiments with pre- 
cipitated catalysts containing equal parts of cobalt 
and nickel as the prime catalytic agents, Tsu- 
tsumi *°® 251, 253, 254 obtained very low yields without 
the use of promoters. His most satisfactory catalyst 
contained 20 percent manganese oxide, 20 percent 
uranium oxide, and 125 percent kieselguhr (based on 
the total weight of cobalt plus nickel). The activity 
of a cobalt-nickel catalyst promoted with the oxides 
of manganese, uranium, and thorium was found to be 
increased approximately 10 percent by a slow oxida- 
tion at 70° F prior to its reduction.” 
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“Alloy-Skeleton” Catalysts 


The heat-transfer problem involved in carrying out 
the highly exothermic Synthine process over the 
poorly conductive, “conventionally” supported cata- 
lysts has prompted considerable investigation of cata- 
lysts which, by virtue of their finely divided state or 
their physical structure, permit a more rapid distribu- 
tion of the heat liberated during the reaction. Highly 
porous, catalytically active “skeleton” catalysts con- 
sisting of nickel or cobalt or alloys of both and pos- 
sessing a greater coefficient of heat transfer than 
precipitated catalysts have been developed by 
Raney.**® 276, 277. 279 ‘These catalysts are prepared by 
alloying nickel and cobalt (singly or mixed) with 
aluminum or silicon and subsequently removing the 
latter material by solution in aqueous caustic. Experi- 
ments with cobalt-nickel skeleton catalysts have in- 
dicated that (1) the optimum ratio of cobalt to nickel 
is 1:1, (2) catalysts prepared by alloying with silicon 
possess higher activity than those in whose prepara- 
tion aluminum is used, and (3) the presence of even 
small amounts of copper or manganese in the catalyst 
is undesirable.” It has been shown that skeleton 
catalysts prepared from alloys of nickel with alumi- 
num, nickel with silicon, nickel with manganese and 
silicon, and nickel with iron and aluminum are de- 
cidedly inferior to those prepared from nickel-cobalt- 
silicon alloys. The crystal structure of the catalyst 
obtained from a nickel-cobalt-magnesium alloy, upon 
microscopic investigation, has been found to be much 
coarser than that of the catalyst prepared from the 
corresponding silicon alloy.**® The activity of skele- 
ton catalysts prepared from nickel-aluminum, cobalt- 
aluminum, and cobalt-silicon alloys has been investi- 
gated by Rapoport and Polozhintseva.**! Detailed 
studies of skeleton catalysts have been made by 
Japanese investigators?** 225, 238, 240, 242, 243, 244, 246, 346 
who found that the yield of liquid hydrocarbons with 
such catalysts amounts to about 5.8 pounds per 1000 
cubic feet of synthesis gas. 

The preparation of catalyst pellets having an “in- 
tegral, porous, metallic skeleton” has been described 
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Hoesch-Benzine contact oven. 


Courtesy W. C. Schroeder, U. S. Bureau of Mines 


in U.’S. 2,136,509.78° The method involved is some- 
what different from that devised by Raney. The 
finely divided oxide of a catalytic metal (e.g., nickel 
or iron oxide) is mixed with a finely divided metal 
(e.g., iron or copper), the mixture is compressed into 
pellets, and the pellets are heated in a reducing at- 
mosphere at such temperature and for such time as 
is required to reduce most of the metal oxide to the 
catalytic metal and to cause alloying of the two 
metals, “the temperature and time of heating being 
insufficient to cause all of the catalytic metal of the 
oxide to alloy with the other metal and the tempera- 
ture being insufficient to cause sintering of the other 
metal in the absence of the catalytic metal.” 

Catalysts of the “alloy-skeleton” type deteriorate 
more rapidly and yield (at best) about 20 percent 
less liquid product than precipitated catalysts having 
the same catalytic ingredients.*°* 712 252 However, as 
mentioned, their ability to conduct heat more rapidly 
than precipitated catalysts has stimulated interest in 
their possibilities for the Synthine process. 


Suspended Catalysts 

The transfer of heat from the catalyst surface also 
may be facilitated by the use of finely divided cata- 
lyst particles suspended in a liquid medium. When 
the temperature of any given catalyst particle rises 
to a sufficient level, the excess heat from the reaction, 
instead of overheating the catalyst, is converted into 
heat of vaporization of the liquid. A catalyst consist- 
ing of iron, magnesium oxide, and zinc oxide sus- 
pended in anthracene oil is claimed to yield hydrocar- 
bons heavier than gasoline (i.e., lubricating oil and 
paraffin wax) at temperatures below 700° F. and pres- 
sures above 300 psi.?®° The use of a nickel-aluminum- 
kieselguhr catalyst suspended in a heavy, sulfur-free 
oil is said to result mainly in the production of me- 
thane.”"4 

In one apparatus designed for the use of suspended 
catalysts, the catalyst is arranged in layers in a ver- 
tical tube, and a reflux condenser is provided at the 
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upper end of the tube to return condensed fractions 
of the reaction product to the reaction zone, a sub- 
stantial portion of this reflux consisting of oils which 
vaporize under the prevailing reaction conditions. 
The liquid medium is maintained at a level above the 
top layer of the catalyst, and the synthesis gas is 
introduced at the lower end of the tube. The catalyst 
prepared by fusing a mixture of iron powder, silicon 
powder, titanium oxide, and potassium permanganate 
in a stream of oxygen (thereby converting the Fe to 
Fe,O,), cooling and comminuting the resulting mass, 
and treating the resulting particles with hydrogen is 
said to be suitable for the production of hydrocarbon 
oils boiling in the range of 105-570° F at reaction con- 
ditions of 680-715° F. and 1470 psi.?*+?8* Another 
technique involves introduction of the liquid medium 
into different zones of the reaction space.?** The 
liquid medium may first be passed along the catalyst 
chamber “in indirect heat-exchange relation with the 
reaction participants and then through the chamber 
in the same direction as the reaction participants. 
Preferably, the liquid medium may be passed along 
the reaction chamber in countercurrent flow to the 
reaction participants so that, while the liquid medium 
is at its lowest temperature, it comes into contact 
with the hottest part of the catalyst chamber, thereby 
keeping the temperature of the chamber much more 
uniform,”*7° The liquid-phase catalytic synthesis has 
been discussed by Fischer and Pichler.?°? 

There are two main disadvantages of conducting 
the reaction in a liquid medium: (1) the difficulty of 
removing the reaction products and (2) the larger 
space requirements. Where the liquid medium is, 
itself, a fraction of the reaction product, the problem 
is less difficult than in the case where some other 
liquid is employed. Distillation or solvent extraction 
has been suggested for the latter case. Where the 
liquid medium differs markedly in chemical structure 
from the synthesis products; e.g., the medium is 
aromatic and products are paraffinic, highly selective 
solvents (such as sulfur dioxide) may be used.?® 
Standard Oil Development Company*® has patented 
a process, designed to facilitate removal of the re- 
action products, in which the reaction is carried out in 
a 50-tray, bubble-cap tower with a catalyst suspen- 
sion consisting of about three quarters of a pound of 
finely divided nickel catalyst activated with mag- 
nesium and aluminum oxides per gallon of sulfur-free 
paraffin wax. The yield is said to amount to about 
one gallon of liquid hydrocarbons per 1000 cubic 
leet of synthesis gas charged. 


“Fluid” Catalysts 


_ Perhaps the most recent development in the quest 
for a Synthine catalyst possessing superior heat- 
transfer characteristics is the “fluidized” catalyst, 
which consists of very finely divided particles sus- 
pended in the synthesis-gas stream. The experience 
gained in operation of the many (over 32) commer- 
cial-sized Fluid Catalyst Cracking units?” ?** already 
In Operation should provide much of the “know how” 
for the analogous Synthine process. 
_ Using such a catalyst for the Synthine process, it 
is claimed that the exothermic heat of reaction may 
be removed “immediately as it is formed along the 
path of the flowing gases in the reaction zone through 
the walls of the rea-tion zone by circulating a cooling 
medium without the walls of the reaction zone.”?* 
In U. S. 2,347,682,28" which specifies this type of 
catalyst, it is said that the temperature can be kept 
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substantially constant anywhere within the range of 
225-425° F. by directly admixing relatively cool ma- 
terials with the mixture in the synthesis zone. Un- 
reacted gases and low-molecular-weight hydrocarbon 
gases are separated from the catalyst and recycled. 
Cool catalyst may be used to control the temperature 
of the reaction zone. A very recent patent™® specifies 
the circulation of a solid heat carrier through the re- 
actor, along with the fluidized catalyst. The heat 
carrier must have a higher separating rate than the 
catalyst, in order to permit separation, cooling, and 
recirculation of the solid heat carrier. 

Standard Catalytic Company’s “Chemican Proc- 
ess,’”288 a fluid-catalyst-type Synthine operation, main- 
tains a pressure head at the bottom of the column 
containing the powdered catalyst by injecting an 
inert gas at one or more points. The pressure at the 
bottom of the column is said to be a direct function 
of the density of the catalyst powder and the height 
of the column. “Using 200-400 mesh activated clay 
having deposited thereon iron oxides, the pressure 
obtained was one fifth to one eighth pound per square 
inch per foot of column height. A minimum of three 
to four cubic feet of fluidizing gas (at conditions pre- 
vailing in the column) per 100 pounds of catalyst are 
required.” 

Supported Iron Catalysts 

The ready availability of iron and its consequent 
low cost have long stimulated research on its use as 
a Synthine catalyst. However, the effect of catalyst 
costs on the ultimate cost of Synthine products is 
said to be relatively slight in the case of modern 
commercial cobalt complex catalysts,?** and perhaps 
the greatest present interest in iron catalysts centers 
around their ability to produce more unsaturated 
(hence higher-octane) gasoline fractions and the pos- 
sibilities they afford of utilizing water gas directly 
rather than after adjustment of the hydrogen-carbon 
monoxide ratio. An equimolar mixture of hydrogen 
and carbon monoxide is suitable for the synthesis.”*® 

Alkali-promoted iron-copper catalysts were used 
by Fischer and Tropsch in many of their early ex- 
periments.”°* However, they found these catalysts 
to be markedly inferior to cobalt or nickel catalysts, 
both in product yield and length of life.1% The use 
of alkali, besides increasing the yield of primary prod- 
uct, is said to aid in the production of solid paraffin 
wax. Copper may be added to precipitated or impreg- 
nated iron catalysts to facilitate the reduction step 
in their preparation and to favor adsorption of the 
alkali salt.15*: 19° By using less copper in the catalyst, 
one pair of investigators’*® claimed to have obtained 
improved results, although others?’® found little dif- 
ference in the activities of catalysts with iron-copper 
ratios of 1:2, 1:1, 3:1, and 5:1. The latter observed 
that ‘catalysts containing 0.5 percent alkali possessed 
longer lives than those containing greafer propor- 
tions. 

The promoting effect of alkali addition to iron cata- 
lysts is believed to be the result of the formation (in 
its presence) of cubic ferric oxide (Fe,O,) and the 
prevention of its transition to the less active magnetic 

iron oxide (Fe,O,).24* A number of X-ray diffraction 
and magnetic susceptibility studies have been made 
of such catalysts,?*"***2® more recent investiga- 
tions**’ having indicated that the inactive catalyst 
contains 8-FeQOH and the active catalyst contains 
either *-FeOOH or @-Fe,O, or both, but no 
B-FeOQOH. It was found**’ that the highly active 
catalysts had higher magnetic susceptibilities and 
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were ferromagnetic, a suggested explanation being 
the possible presence of ferromagnetic alkali ferrites 
in the active catalyst. 

Catalysts prepared by impregnating asbestos with 
the nitrates of the catalytic metals and small amounts 
of rare earth oxides have been found to give the fol- 
lowing yields per 1000 cubic feet of synthesis gas: 
Fe-Cu-Ni (4 to 1 to 0.01), 1.8 pounds; Fe-Cu-Ni (4 
to 1 to 0.02), 2.8 pounds; and Fe-Cu-Ni-CeO,-ThO, 
(4 to 1 to 0.05 to 0.001 to 0.006), 5.0 pounds. Yields 
of 5.2 and 5.5 pounds per 1000 cubic feet of “water gas” 
(1H,:1CO), respectively, were obtained with precipi- 
tated catalysts containing (in the first case) Fe, Cu, 
kieselguhr, and K,CO, in the ratio 4 to 1 to 5 to 0.08 
and (in the second case) the same ingredients plus 
0.08 part of manganese.” 48 The addition of 5 per- 
cent of nickel or cobalt to these catalysts increased 
the yields when synthesis gas (2H,:1CO) was used, 
but proved undesirable for the gas containing equal 
amounts of hydrogen and carbon monoxide. 


Sintered Iron Catalysts 

Partial sintering of precipitated iron-alumina cata- 
lysts by reduction at about 1550° F. has been patented 
by I. G. Farbenindustrie A. G.*®* 2% 26° This company 
also has patented catalysts of the iron group prepared 
by heating the corresponding metal carbonyl at a 
temperature above 930° F., but below the melting 
point of the metal, for such a period of time that par- 
tial sintering occurs.*** 27) 27%. 284 Earlier I. G. pat- 
ents*®? 28, 25%. 278 had specified the use of iron-group 
carbonyls in the synthesis under conditions which 
might possibly have caused some sintering. 

In addition to use in the normal vapor-phase type 
of operation, such sintered-iron catalysts may be em- 
ployed in liquid-medium operations.***8**%* They 
also may be made in pellet form by mixing iron pow- 
der with an alkaline metal salt solution (such as aque- 
ous KCl), compressing, and reducing with hydrogen 
at about 1550° F.** Although single-pass yields are 
low, a satisfactory ultimate yield may be obtained by 
recycling the partially-spent synthesis gas.**® 

An I. G. Farbenindustrie report?® #*1, written in 
1939, concerns a rapid, hot-gas-recycle process over 
pelleted, sintered-iron catalyst. The gas was passed 
through the reactor at hourly space velocities of 
5,000-35,000, and the heat evolved in the synthesis 
was absorbed in an external heat exchanger. The re- 
action was conducted at 605-660° F. and 295 psi. The 
conversion was about 1 percent per pass, and about 
1 percent of fresh synthesis gas (0.9 H,:J CO) was 
added per cycle, an equivalent amount of recycle gas 
being removed, freed of carbon dioxide, and sent to a 
second, smaller (%4-size) recycle system. Conversion 
in the first stage was about 78 percent and in the sec- 
ond stage about 13.5 percent. The product was highly 
unsaturated, consisting mainly of gasoline of 85 Re- 
search octane number. A polymer gasoline of 97 
O.N. was made from the C,-C, unsaturates, The yield 
of primary product was about 10 pounds per 1000 
cubic feet of synthesis gas, of which approximately 
0.87 pound contained oxygenated compounds. 

The hydrocarbons synthesized over sintered-iron 
catalysts consist largely of branched-chain paraffins, 
while those produced on non-sintered-iron catalysts 
contain very little iso-compounds. It is considered 
likely that sintering produces a critical spacing of the 
metal atoms in the iron carbide lattice which is con- 
ducive to the production of isoparaffins.*** 
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Ruthenium Catalysts 


Ruthenium or ruthenium-containing contact cata- 
lysts have been patented for the synthesis of solid 
hydrocarbons at temperatures of 300-540° F. and high 
pressures (over 450 pounds per square inch).*”* Stu- 
dies of other Group VIII metals (rhodium: palladium, 
osmium, iridium and platinum) have shown that ru- 
thenium is most satisfactory for this purpose.**7 The 
ruthenium catalyst is long-lived (no appreciable 
change in activity occurred during one six-months 
test) and gives yield of approximately 6.2 pounds of 
paraffin wax and 3.1 pounds of liquid per 1000 cubic 
feet of synthesis gas at 380° F. and 1500 psi.?* 

The effect of pressure upon the yield and type of 
products is very pronounced. At atmospheric pres- 
sure, the yield is very low and the product consists of 
liquid hydrocarbons.!** As the pressure is raised, the 
conversion at 355° F. increases rapidly until about 
4400 psi then more slowly above this pressure, about 
4.7 pounds of solid paraffin per 1000 cubic feet of 
synthesis gas being produced at 1300 psi, 6.2 pounds 
at 4000 psi, and 7.2 pounds at 4400 psi.?* *** At all 
pressures, solid paraffins amount to about 60 percent 
of the total yield of liquid and solid hydrocarbons, 
and gaseous hydrocarbons constitute 25 percent of 
the over-all conversion. Fischer and Pichler?®* 227, 228 
also studied the effect of pressure upon the synthesis 
over ruthenium catalysts, but they investigated only 
the range up to 1500 psi. 

The use of ruthenium catalysts for the commer- 
cial production of high-melting wax is not considered 
feasible by Dr. Martin, director of Ruhrchemie A.-G,, 
because of the relative scarcity of ruthenium. He has 
stated that hard wax can be produced more econom- 
ically by using the conventional cobalt catalyst at 
low space velocities and low temperature.”® 


Effect of Reaction Temperature 

The Synthine reaction takes place in a fairly nar- 
row temperature range. Even with the most active 
nickel or cobalt catalysts, the reaction is very slow 
below 350° F. Above 440° F., with the same catalysts, 
the yield of liquid hydrocarbons diminishes rapidly, 
and methane yields increase correspondingly.” At 
higher temperatures (575-660° F.), methane produc- 
tion predominates, and the oxygen in the synthesis 
gas appears in the product as carbon dioxide rather 
than water. As mentioned, the optimum operating 
temperature with iron catalysts is higher than with 
nickel or iron, being about 465° F. However, the 
range in which satisfactory results are obtained is also 
quite small, The temperature coefficient of the syn- 
thesis on cobalt and iron catalysts is about 1.6 per 18° 
F. in the range of 370° to 445° F.?8* While the possi- 
bility of obtaining a given type of product depends to 
a large extent upon the catalysts and pressure em- 
ployed, it is known that, in general, the hydrogena- 
tion of carbon monoxide produces straight-chain 
hydrocarbons at relatively low temperatures, alcohols 
in the range 575-750° F., isoparaffins in the range 
750-885° F., and aromatics in the range 885-930° F. 
26, 208 

Effect of Pressure 

Generally speaking, the use of higher pressures in 
the Synthine process favors the formation of oxygen- 
ated compounds and hydrocarbons of high molecular 
weight, thus reducing the yield of liquid hydrocar- 
bons.’** 1° However, the use of medium pressures 
75-220 psi) has definite advantages, both in its el 
fect on the total yield and upon the composition of the 
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TABLE 1 
Effect of Pressure on Yield and Type of Synthine Product™ 
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YIELDS, POUNDS PER 1000 CUBIC FEET OF SYNTHESIS GAS 




















Hydrocarbon 
| Total, Liquid, Gasoline, ases, 
| Solid and Paraffin Above Below Ci-C4 
PRESSURE, psig. | Liquid Wax 390 °F. 390 °F. Inclusive 

0 Jouce | 7.28 0.62 2.36 4.30 2.37 

22 cee Oe en 268 | 4.55 3.12 
73.5 9.35 } 3.74 3.18 } 2.43 2.06 
220 ti 9.03 | 4.36 2.24 | 2.43 2.06 
735 | 8.59 | 3.36 2.30 2.93 1.31 
2200 | 6.48 | 1.68 2.12 2.68 | 1,93 








product. Using a cobalt-thoria-kieselguhr catalyst 
without revivification over a period of one month, 


Fischer and Pichler?” found that (1) the total yield’ 


increased with increasing pressures up to about 75 


pounds per square inch; (2) the yield of paraffin wax 
increased with pressure up to about 220 pounds per 
square inch; and (3) the active life of the catalyst 
was greatest when medium pressures were used. Ta- 
ble 1 shows the results of their experiments over a 
pressure range of 0-2200 pounds per square inch. 
Martin2° has reported similar results in two-stage 
operations. 

At pressures of 75-220 pounds per square inch, the 
total yield of liquid and solid hydrocarbons obtained 
by Fischer and Pichler in the experiments just men- 
tioned amounted to 9.35 pounds per 1000 cubic feet of 
synthesis gas when fresh catalyst was used and still 
exceeded 6.24 pounds after 26 weeks of operation 
without catalyst revivification. On the other hand, at 
atmospheric pressure, the initial yield was 8.11 pounds 
and declined to 6.24 pounds after only one month of 
operation.” The effect of pressure on the synthesis 
over ruthenium catalysts has already been discussed. 

The use of moderate pressures also offers the prac- 
tical advantage of reduction in plant size for a given 
output.**° 


Effect of Throughput Rate 


Using a cobalt-thoria-kieselguhr (100 :18 :100) cata- 
lyst in two-stage operation at a pressure of 150 
pounds per square inch, Fischer and Pichler?” found 
that both the yield of solid paraffin and the total 
yield of higher hydrocarbons decreased with increas- 
ing rate of throughput. At a throughput of 3.2 cubic 
feet per hour per pound of cobalt in the catalyst, they 
obtained yields of about 11.8 pounds of primary prod- 
uct per 1000 cubic feet of synthesis gas, of which 48 
percent consisted of solid paraffin ; 44 percent, liquid 
hydrocarbons; and 8 percent, C,-C, hydrocarbons. 
When the throughput was increased to 32 cubic feet 
per hour, 9.0 pounds of primary product were ob- 
tained, of which 14 percent was solid paraffin, 73 per- 
cent was liquid hydrocarbons, and 13 percent was 
C;-C, hydrocarbons. The necessity for utilizing 
higher reaction temperatures at increased throughput 
rates in order to maintain good yields leads to the 
formation of more methane. If the temperature is 
held constant, the yield drops rapidly with increased 
throughput rate, as may be seen from Table 2, which 
shows the results obtained by using a cobalt catalyst 
at 390° F. and 220 psi. 

Similar data have been reported by Japanese*®,and 
British”? investigators. Working at lower through- 
puts than those of Table 2, Tsuneoka and Nishio?*® 
have observed that the yield rises to a maximum 
with increasing throughput before falling off. High 
Space velocities favor the production of olefins.?** 

Generally speaking, “reducing the space velocity 
has an effect on the products similar to increasing 


September, 1946—A Gulf Publishing Company Publication 


the pressure, but with the important difference that 
a low space velocity reduces the output of the plant 
and a high pressure increases it.””?*° 


Effect of Hydrogen-Carbon Monoxide Ratio 


As might be expected, increasing the relative 
amount of carbon monoxide to hydrogen in the syn- 
thesis gas results in the formation of a more olefinic 
product and the production of more carbon dioxide.** 
A high hydrogen-to-carboen monoxide ratio produces 
a saturated product and favors high methane forma- 
tion. The amount of olefins in the reaction product 
has been found to be inversely proportional to the 
hydrogen content of the synthesis gas.?** With con- 
ventional catalysts, a ratio of 2H, to 1CO is con- 
sidered optimum for obtaining the maximum total 
yields of hydrocarbons.” 


German Commercial-Scale Process 


The reports of the Combined Intelligence Objec- 
tives Subcommittee (CIOS) and the United States 
Technical Oil Mission (TOM), both of which in- 
vestigated German technology in the closing days of 
the war and for a time thereafter, offer a fairly com- 
plete picture of the German process for the com- 
mercial-scale hydrogenation of carbon monoxide. The 
German synthesis plants operated at temperatures of 
355-390° F., either at atmospheric pressure or at me- 
dium pressures of about 150 psi. The choice of atmo- 
spheric or medium-pressure operation, in any given 
plant, was determined largely by the products de- 
sired. The medium-pressure synthesis is said to have 
given three times as much solid paraffin (from which 
higher alcohols can be made) and about two-months- 
longer catalyst life periods than were obtained in 
normal-pressure operations. However, the synthesis 
at atmospheric pressure gave a higher gasoline yield. 
Martin (Ruhrchemie) believes that any postwar 
plants built in the predictable future should be of the 
medium-pressure type (because of the synthetic 
chemical possibilities), since the (German) synthetic 
gasoline (from coal) will not be able to compete with 
that made from petroleum, assuming normal peace- 
time conditions and a free world economy.”® 

The catalyst ovens used in the middle-pressure 
synthesis are interesting pieces of equipment, since 
they appear adaptable to almost any exothermic 
catalytic process carried out at constant temperature: 
e.g., the methanization of coke-oven gas.'"15 These 
ovens consist of groups of vertical tubes of two sizes, 
the smaller tubes being placed inside the larger ones, 
concentrically. The catalyst is placed in the annular 
space between the tubes. Temperature control during 
the exothermic reaction is maintained by passing 
steam through the inner tubes and the whole of the 
space between the outer tubes. Another type of me- 
dium-pressure reactor, the “Taschen-Rohr Ofen” 
(Chamber-Tube Oven), consists of single tubes con- 
taining a complex web of plates to facilitate the dis- 
sipation of heat.?71% 

The synthesis was carried out in two or three 
stages, with product recovery after each stage.?* 41% 
On the average, about 9.4 pounds of primary product 








TABLE 2 
Effect of Increased Throughput on Yields at Constant 
Temperature” 
Throughput (cu. ft./hr./Ib. cobalt 18.4 37.0 57.6 
Total Yield (Ibs./1000 cu. ft. syn. = 
| ER RD Py TRE Stee 6 hace > 6.30 5.30 3.74 1,03 
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were obtained per 1000 cubic feet of synthesis gas. 
The constituents of the primary product ranged from 
ropane-propylene to waxes of molecular weights. as 
high as 2000.*** Generally speaking, the yield and 
quality of the products from the wartime synthesis 
did not differ materially from prewar published in- 
formation. Olefins of the C,-C, fraction were con- 
verted to alcohols, etc., and residual paraffins were 
used as motor fuel. Low-boiling-range gasoline of low 
octane number was used for blending in motor fuels. 
The middle fractions of high cetane number were 
used as diesel fuel. The paraffin wax was largely con- 
verted into fatty acids for soap manufacture. Lubri- 
cating oils were synthesized from the heavy frac- 
tions.*® 

Considerable experimental work was done during 
the war on the development of recycle processes for 
the synthesis over commercial cobalt catalyst.** In 
contrast to the previously-mentioned rapid recycle 
process studied by I. G. Farbenindustrie for use with 
its sintered-iron catalyst, these processes utilized a 
relatively low recycle ratio and the familiar, extern- 
ally-cooled, middle-pressure reactor. On the pilot 
scale, Lurgi-Metalgesellschaft found it possible, at a 
recycle ratio of 3:1, to increase the throughput by 30 
percent without a ‘sacrifice in yield or to realize a 
yield of about 10.6 pounds per 1000 cubic feet of syn- 
thesis gas at normal throughput. On the basis of 
pilot-plant performance, conversion of two commer- 
cial-scale plants to such operation was reportedly 
planned, Ruhrchemie A.-G., after similar experiments 
on the laboratory scale, installed recycle equipment in 
its Sterkrade plant, but this was destroyed by bomb- 
ing before it could be put into operation.”* 


Iso-Synthesis Reaction 


The conventional Synthine process, whether con- 
ducted at atmospheric or medium pressures, produces 
only small quantities of branched-chain hydrocar- 
bons. The isobutane-isobutylene content amounts 
only to about 10 percent of the C, fraction with a 
cobalt catalyst and to about 15 percent with an iron 
catalyst. The concentration of branched-chain com- 
pounds rises to approximately 20 percent in the C, 
fraction with both catalysts, and the C,, fraction con- 
sists exclusively of isocompounds. However, the ex- 
tent of branching seldom exceeds one es group 
on a long chain.*°* 7° 

Although it has, as yet, been operated only on an 
experimental scale, the “Iso-Synthesis” process is of 
great interest since it offers means for producing 
high-octane gasoline (via alkylation) by a modified 
form of the Synthine process. It might be nearer the 
truth to say that the Iso-Synthesis is a modification 
of the Synthol process, rather than of the Synthine 
process, since it actually consists of first forming 
“higher” alcohols (mainly isobutanol), then dehydrat- 
ing the alcohols to olefins, and finally hydrogenating 
the olefins to the corresponding isoparaffins. The 
process combines these three reactions in a single 
stage. By reacting synthesis gas containing‘about 1 
part hydrogen to 1.2 parts carbon monoxide over 
catalysts consisting of ZnO, Al,O,, ThO,, or mix- 
tures of one with another at temperatures of about 
840° F. and pressures of about 4400 pounds per 
square inch, over 90 percent concentrations of iso- 
paraffins have been obtained in the C, and C, frac- 
tions of the reaction product.1%: 207, 208 

Research on the Iso-Synthesis reportedly was be- 
gun at the Kaiser Wilhelm Institut fiir Kohlenfor- 
schung in the fall of 1941°°’, and mention of it was 
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made by Fischer’ in 1943. However, no details were 
made public until after the investigation of the insti- 
tute by the U. S. Technical Oil Mission.?°* According 
to Dr. Helmut Pichler, the acting director of the insti- 
tute, the catalysts suitable for the reaction include: 
(1) zinc oxide with alumina, (2) thoria alone, (3) 
thoria with alumina, (4) alumina alone, and (5) zinc 
oxide with thoria, cerium oxide, or zirconium oxide. 
The rate of throughput is five to ten times greater 
than that used in the conventional Synthine process. 
The yield of C, and higher hydrocarbons ranges 
from 3.74 to 6.85 pounds per 1000 cubic feet of the 
synthesis gas, depending upon the catalyst used. Typ- 
ical product distribution in the C, and higher frac- 
tion is as follows: 

C,H» (90 percent isobutane)... .60-70 percent by weight 

CsHz (96-98 percent isopentane) .20-30 percent by weight 

Coe CUSED oon vnddocedcbecwécbioats Small amounts 

The C, fraction contains mainly 2-methylpentane 
and 3-methylpentane, but no neohexane or normal 
hexane. Some naphthenes have been found in the 
C.-C, fraction. Larger quantities of hydrocarbons 
boiling above C, are obtained at lower reaction tem- 
pertures. About 0.62 pound of propane per 1000 cubic 
feet of synthesis gas is formed under the usual reac- 
tion conditions. In addition to the hydrocarbons pro- 
duced, some alcohols, amounting to less than 10 
percent of the total hydrocarbon yield, appear in the 
reaction product. These alcohols consist primarily 
of isobutanol and a little methanol. The tail gas con- 
tains about 10 percent methane (maximum), 30 per- 
cent carbon dioxide, 20 percent nitrogen, and 40 per- 
cent carbon monoxide-hydrogen. 

The temperature of operation is said to have a 
marked effect upon the reaction. At 750° F., alcohol 
production is high ; at somewhat higher temperatures, 
dimethyl ether is formed; and around 840° F., isobu- 
tane is the major product. Raising the temperature 
still higher results in excessive carbon formation, and 
the catalyst requires frequent regeneration. 

Carbon deposition puts a limitation on the size of 
the reaction tubes which may be used. Tubes of 12-15 
millimeters (roughly half-inch) in diameter have 
proved satisfactory, while larger tubes have been 
found to encourage excessive formation of carbon. 

Operation at pressures above 4400 pounds per 
square inch results in increasingly greater yields of 
oxygenated compounds. At 14,700 psi, the principal 
product of the reaction is dimethyl ether. On the 
other hand, pressures below 4400 psi result in smaller 
total yields.'% 


Aromatization Reaction 


The Kaiser Wilhelm Institut was also engaged in 
the investigation of a process for producing aromatics 
by the hydrogenation of carbon monoxide.?® 1% 1 
208, 233 Fischer! hinted at this work in 1943, and on- 
the-spot interrogation of Pichler®®* supplied what de- 
tails are known. The reaction is reportedly conducted 
over a catalyst consisting of an oxide of chromium, 
molybenum, or thorium at a pressure of about 440 
psi and temperatures ranging from 885-930° F. 
About 5-10 percent of potassium carbonate is in- 
cluded in the catalyst to reduce carbon formation. 
A 1:1 ratio of hydrogen to carbon monoxide is used.” 
The yield of liquid hydrocarbons is very small, usual- 
ly below 0.62 pound per 1000 cubic feet of synthesis 
gas, but the product contains about 50 percent aro- 
matics (toluene and xylenes), the remainder consist- 
ing largely of naphthenes.** 53 The major portion of 
the synthesis gas is converted to methane and car- 
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Courtesy H. H. Storch, U. S. Bureau of Mines 


Internally-cooled experimental Synthine plant of Bureau of Mines. 


bon. This synthesis was not considered very promi- 
ising by the Germans.?* 298 


Synthol Process 


As mentioned in Article I, one domestic engineer- 
ing concern?! has recently announced that it is pre- 
pared to erect hydrocarbon synthesis plants which 
would use the “Synthol” process, developed as the 
outgrowth of original research and German data. No 
technical details were given, but it was mentioned 
that “this Synthol process * * * under controlled con- 
ditions produces various chemical products in the 
form of oxygenated compounds.” It was also stated, 
as is common knowledge, that “changing the operat- 
ing conditions will control the quantity and quality of 
the production of the hydrocarbons and of the chem- 
ical compounds.” 

It has been noted that the German “Synthol” is a 
mixture of hydrocarbons and (chiefly) oxygenated 
compounds, produced by high-pressure synthesis, and 
that this use of high pressure materially reduces the 
liquid hydrocarbon yields.1%8 Whether or not this 
new “Synthol” process is similar in nature to its 
German namesake has not been revealed, but it would 
be no very difficult feat to produce hydrocarbon 
Products from such a mixture as the German “Syn- 
thol,” perhaps by hydrogenation or even by a reac- 
tion related to hydroforming. 

As is evidenced by the commercial process for the 
Production of synthetic methanol, oxygenated com- 
pounds can be produced in good yields by the hydro- 
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genation of carbon monoxide over appropriate cata- 
lysts and under proper conditions (high pressures). 
Space does not permit a detailed analysis of these re- 
actions here, although they most certainly constitute 
part of the prior art of the Synthine process. 


Methane Synthesis 

Considerable interest has been evidenced abroad 
in the production of methane from carbon monoxide 
and hydrogen, although this is a reaction usually 
minimized in every possible way during the normal 
Synthine process. “Synthetic natural gas” has a much 
more desirable calorific value than the water gas 
from which it is produced, so that this phase of the 
Synthine process constitutes a “gas-upgrading” meth- 
od. Similarly, the other hydrocarbon gases produced 
to a greater or lesser extent—ethane through the bu- 
tanes—are desirable fuel gases themselves or may 
be used for gas enrichment. Attention to these mat- 
ters has also been given in this country.” 

Gerdes**™* has given this matter some attention in 
an article published abroad in 1941, and a recent 
British article**® has dealt with the subject in some 
detail. Reference should also be made to the section 
of this article on the reaction mechanism ; where me- 
thane is desired as the primary product, every effort 
is made to avoid polymerization of the (CH,) groups 
which form on the hydrogenating catalyst. Logically, 
nickel is the basic material of most of the catalysts 
investigated. 

Komarewsky and Riesz® have reported that “the 
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conditions favoring the production of methane rather 
than Fischer-Tropsch (Synthine) synthesis of higher- 
molecular-weight hydrocarbons are: (1) catalyst, 
(2) relatively high temperature, and (3) high propor- 
tion of hydrogen in the reacting gas. Nickel and iron 
are active at atmospheric pressure. The temperature 
required is about 570° F. for nickel catalysts. The 
ratio of hydrogen to carbon monoxide theoretically 
should be three (CO + 3H, ~ CH,+ H,O).” Even 
CO, can be hydrogenated to methane under certain 


conditions. 
x * x 


The remaining articles in this series will deal with 
the products and by-products of the Synthine process 
and with its economics and current status. Intense inter- 
est continues to be evidenced in the commercial applica- 
tion of the process in this country, and it seems likely 
that the date of initial plant operations is not many 
months removed, since at least one plant has already 
been announced, , 
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L. S. DANIELS, Associate Editor 


nk “fluid” catalyst cracking units built in many 
refineries during recent years have introduced a new 
catalysis technique in refinery process operations. 
The catalyst utilized in these plants is in powder 
form, and may be either “natural” or “synthetic.” 
Natural catalyst is excavated from naturally occur- 
ing clay.deposits and ground to the desired particle 
size range, while synthetic catalyst is a manufactured 
material of similar chemical composition, which pos- 
sesses some advantages from the process standpoint. 
Particle size of the catalysts range between zero and 
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100 microns, the bulk being between 20 and 40 
microris in most cases. (A micron is 1/1000 of a 
millimeter. ) 


Mechanics of Flow 


If suitable amounts of gas (either steam, air, or oil 
vapor) are mixed with this powdered catalyst, the 
mixture becomes “fluidized” and can be handled 
much like other fluids. The fluid density can be con- 
trolled as desired, within limits, by varying the 
amount of gas added and by changing the rate at 
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which the fluid mixture moves in vessels and piping. 
The catalyst used, either natural or synthetic, has 
a true particle density of approximately 130 pounds 
per cubic foot, but in the loose, or “fluffed” state, it 
has a much less apparent density, ranging from a 
minimum n_of perhaps 30 to about 55 pounds per cubic 
foot: Upon tamping or after long settling, densities 
of 40 to 75 pounds per cubic foot may be attained. 
Catalyst recovery systems used in these units lose a 
certain amount of the finer catalyst particles and 
this tends to make the catalyst more dense after it 
has been in service for long periods. 

The fluid catalyst cracking process utilizes these 
fluidized powdered catalyst mixtures to accomplish 
the essential operations of oil reaction, catalyst 
transfer, and catalyst regeneration, achieving thereby 
a truly continuous process having no moving me- 
chanical parts within the process equipment. Fluid- 
ized catalyst mixtures are used in three forms. In the 
reactors and regenerators, indicated in Figure 1, a 
more or less definite “liquid level” is maintained, 
the catalyst being héld up in a “fluid” bed. Standpipe 
aeration gas, plus oil vapor. and steam for the re- 
actor and combustion air for the regenerator, plus 
catalyst, enter these vessels at the bottom and mix 
into the turbulent fluid bed. The major part of the 
catalyst settles out here and the gases flow up 
through the catalyst and leave at low velocities, the 
order of magnitude being 1 to 2 feet per second. At 
these velocities the amount of catalyst entrainment 
is not serious. The catalyst bed is turbulent, with 
little variation in temperature or channeling of aera- 
tion gases. Bed densities may range from 15 to 35 
pounds per cubic foot, normally are between 25 and 
30 pounds per cubic foot, and are termed “dense 
phase.” Catalyst léaves the vessel at the bottom, by 
gravity flow, and is permeated with vapors which 
fill the voids between catalyst particles to the extent 
required by the apparent or “flowing” density of the 
catalyst. 

“Standpipes” are used to build up fluid heads to 
provide the necessary differential pressures for circu- 
lation of catalyst. Flow of catalyst is downward by 
gravity, as indicated in Figure 2. Aeration gas must 
be provided to set up a fluid condition in the stand- 
pipe. With a static bed, or with low-velocity stand- 
pipe flow, the aeration medium rises upward through 
the catalyst, just as in the case of the reactor and 
regenerator catalyst beds. When standpipe velocities 
exceed approximately 2 feet per second, the aeration 
gases will be carried downward along with the cata- 
lyst particles. This type of flow is also termed “dense 
phase.” The pressure at any given elevation in a 
standpipe, reactor, or regenerator “dense-phase” bed 
is equal to the total catalyst head above that point 
plus the pressure existing in the equipment above 
the catalyst bed. Standpipe densities range from 15 
to 30 pounds per cubic foot, and are normally be- 
tween 25 and 30 pounds per cubic foot. At the bottom 
of the standpipe-presstire is higher than at the inlet 
end, so that the aeration gas is compressed and a 
greater quantity is required to maintain a given 
flowing catalyst density than is necessary higher up 
the standpipe. To supply this gas, standpipes are 
provided with aeration-injection points at about 15- 
foot vertical spacing. At low velocities of standpipe 
flow, with aeration gases rising upwards into the 
vessel above, there is a noticeable change in stand 
pipe catalyst density at each aeration level, the 
amount of variation depending upon the quantity of 
gas injected at that point. At higher velocities, 
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with aeration gases moving downward, there is less 
change at each aeration point, and flow in the stand- 
pipe is smoother. Aeration injection is regulated at 
the various stations to allow “dense-phase” catalyst, 
flow and control standpipe densities to maintain the 
desired standpipe fluid head for optimum catalyst 
circulation. In the calculation of aeration-gas re- 
quirements uniform standpipe densities usually 
are assumed to make certain that “dense-phase”’ fluid 
flow can be attained, but in actual plant operation 
the quantity of aeration gas to standpipes often is 
held to the minimum operable value since it has been 
found that less erosion of standpipe walls results 
from this procedure. 

Standpipe design velocities run as high as 5 to 7 
feet per second. The quantity of catalyst flowing 
from each standpipe is controlled by a “slide valve” 
located at the outlet end, the pressure drop across 
these valves Serving to balance the other pressure 
differentials of the catalyst-circulation system. 

Catalyst is elevated from low points in the catalyst 
system by means of “carrier” lines which utilize a 
flowing stream of gas as a carrying medium for the 
powdered catalyst. This type of flow, termed “dilute 
phase,” is indicated in Figure 3. The energy to 
establish flow in this case comes from the pressure 
level of the carrier medium and the fluidized catalyst, 
rather than from the attraction of gravity, so that 
flow in an upward direction is possible, given suitable 
pressure differentials between inlet and outlet ends 
of the line. Minimum velocity at which this type of 
flow will occur is about 15 to 17 feet per second, and 
flow is much smoother between 20 and 30 feet per 





af GAS EXIT 






CYCLONE 
SEPARATORS 


DENSE PHASE 
Zz CATALYST BED 








STANDPIPE 





CARRIER LINE 











FIGURE | 





Petroleum Refiner—V ol. 25, No. 9 








r 


C 
} 
I 

( 

i 

| 
i 
t 
C 
; 
1 
C 


Si 








s less 
tand- 
ed at 
alyst, 
n the 
talyst 
Ss re- 
1ally 
fluid 
‘ation 
en is 
been 
sults 


to 7 
wing 
alve” 
cross 
ssure 


alyst 
ize a 
r the 
lilute 
‘y to 
ssure 
ilyst, 
that 
table 
ends 
pe of 
, and 
t per 


——— 





No. 9 





Be et aN £., DENSE PHASE 


CATALYST BED 








DENSE PHASE 
FLOW IN 
STANDPIPE 


seen? 
ot. 


AERATION MEDIUM 





SLIDE VALVES 


CARRIER LINE 


CARRIER MEDIUM 











FIGURE 2 


second. As velocity is increased, erosion of piping be- 
comes serious, with 40 feet per second possibly an ex- 
cessive rate. The carrier gas moves at a higher velo- 
city than the catalyst particles in this type of flow. 
The actual amount of “slip” is difficult to evaluate, 
being dependent on particle size, amount of carbon 
on catalyst, velocity, and other variables, but because 
it has marked influence on flowing density in carrier 
lines, some allowance must be made. Usual design 
practice has been arbitrarily to set slip at 2:1, that is, 
to multiply by 2 the density calculated from gas and 
catalyst flow quantities when estimating the “dilute 
phase” head differential of the carrier line. Densities 
in carrier lines have been set as high as 5 pounds per 
cubic foot, slip neglected, for design purposes. 


Typical Unit 
In Figure 4, a simplified flow diagram of the cata- 
lytic section of a typical fluid cracking unit is shown, 
with flow quantities and process conditions used for 
a current motor-gasoline operation. Fresh feed, 28.5° 
API virgin gasoil from mixed Coastal crudes, with a 
boiling range from 300° F. initial to 740° F. 90 per- 
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cent point, is pumped into the unit through heat 
exchange, where it reaches a preheat approximately 
380° F., to the base of the regenerated catalyst stand- 
pipe where it is contacted with hot catalyst flowing 
down from the regenerator. 

The feed, substantially liquid up to this point, is 
heated to about 850° F. by the catalyst, steam is 
injected lowering the partial pressure of the oil feed, 
and this, in combination with the: elevated oil tem- 
perature, results in complete vaporization of the oil. 
The oil vapors, steam, and catalyst pass up the 
reactor feed riser in “dilute-phase” flow, the oil 
vapor and steam serving as carrier medium for the 
catalyst particles. The reactor inlet stream enters 
the reaction zone proper, the reactor “dense-phase” 
catalyst bed, through a “grid” distribution plate con- 
taining evenly-spaced orifice holes through which 
the entering materia] passes at increased velocity 
and with considerable pressure drop. This grid serves 
as a separating partition between the “dilute-phase”- 
inlet-line material and the “dense-phase” catalyst bed 
above, and prevents channeling and uneven flow. 
Reactor-product vapors and steam rise through the 
catalyst bed and leave at the top of the vessel through 
cyclone type separators which remove most of the 
entrained catalyst, returning it to the reactor catalyst 
bed through a “dip leg” pipe by gravity flow. Reactor 
products are’ fractionated in a primary distillation 
tower which makes a gasoline cut overhead, gasoil 
sidestreams, and a bottom slurry. stream containing 
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FIGURE 4 


the catalyst carryover from the reactor cyclones. 
This slurry cut is recycled to the reactor for ultimate 
cracking to lighter liquid products and coke, thereby 
returning the carryover catalyst to the main catalyst 
system. Part of the heavy gasoil produced as a tower 
side stream also is recycled to the reactor. The 
gasoline product is condensed overhead, at pressures 
slightly above atmospheric. The reflux-drum pres- 
sure, plus the pressure drops through reflux con- 
densers, tower, and piping sets the operating pres- 
sure at the top of the reactor. The pressure required 
at the bottom of the reactor feed riser for “dilute 
phase” flow to occur, is the sum of the reactor top 
pressure. plus pressure drop through the reactor 
cyclones plus head of the “dense phase” catalyst bed 
plus pressure drop across the entrance grid plus 
head of the “dilute phase” catalyst plus friction and 
other pressure drop* in the inlet riser. 

Coke produced by the cracking reaction is de- 
posited on the catalyst particles, interfering with 
their continued use as a cracking catalyst, and 
necessitating regeneration by burning off the coke 
in combustion with air. Spent catalyst is withdrawn 
from the bottom of the reactor, flowing first through 
a stripping section where it is contacted with steam 
to vaporize oil particles carried on the catalyst sur- 
face and to displace oil vapors from catalyst voids. 
Spent and stripped catalyst flows downward through 
the spent-catalyst standpipe which is aerated with 
steam to maintain desired catalyst density. The spent 


catalyst is “throttled” through the slide valve at the 


* Flow around bends, through enlargements, etc. 


112 {438} 


bottom of the standpipe and meets a carrier stream 
of air which transfers it upward in “dilute-phase” 
flow to the regenerator which it enters through a 
distribution grid, this carrier stream also serving as 
combustion air for burning coke from the catalyst. 
Some combustion starts on contact between spent 
catalyst and air, since the catalyst is well above the 
ignition temperature of the coke, but the major part 
occurs in the “dense-phase” catalyst bed in the re- 
generator where the catalyst is held at combustion 
conditions long enough to insure adequate regenera- 
tion. In this particular unit, combustion flue gases 
are exhausted to atmosphere through cyclone sep- 
arators, a waste-heat boiler, and a Cottrell type elec- 
trical precipitator, with no back-pressure valves in 
the vent system, and the regenerator pressure is 
very slightly above atmospheric. The electrical pre- 
cipitator recovers a large percentage of the catalyst 
carryover from the cyclones which is returned to 
the regenerator by means of standpipes, a slide valve, 
and carrier air system. For the spent-catalyst carrier 
line, as in the similar case of the reactor feed riser, 
the pressure required at the inlet for “dilute-phase” 
flow to occur is the sum of the regenerator gas outlet 
pressure plus pressure drop through the regenerator 
cyclones plus head of the “dense-phase” catalyst bed 
plus pressure drop across the entrance grid plus head 
of the “dilute-phase” catalyst plus friction and other 
drop in the carrier line. 

The pressures required to allow catalyst to flow 
into the inlet of the reactor feed riser and the inlet of 
the spent-catalyst carrier line are “built up” by 
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catalyst standpipes from the regenerator and reactor, 
respectively. Since the reactor top pressure in this 
particular case is about 7 psi higher than the regen- 
erator top pressure, and the other pressure heads are 
comparatively less or tend to balance each other, a 
greater height of standpipe is required above the 
inlet to the reactor feed riser than above the inlet 
of the spent-catalyst carrier line, and the regenerator 
is elevated a considerable distance above the reactor 
as a result. In this unit a maximum reactor pressure 
considerably above the 7 psig shown in Figure 4 can 
be attained by the catalyst-circulation system since 
the reactor is located high enough to provide neces- 
sary standpipe head at the bottom of the reactor- 
feed riser. Unbalanced pressure differentials in the 
catalyst-circulation system are absorbed in pressure 
drops across the slide valves at the base of each 
catalyst standpipe. To maintain uniform reaction 
conditions it is necessary to hold a steady volume 
of catalyst in the reactor, and the slide valve at the 
bottom of the spent-catalyst standpipe is controlled, 
indirectly, to maintain the desired catalyst inventory 
in this vessel. Variations in total inventory of cata- 
lyst resulting from catalyst losses and fresh catalyst 
additions are reflected in the amount of catalyst 
present in the regenerator. Within the fairly wide 
requirements of satisfactory coke combustion, the 
regenerator catalyst quantity can be varied as may 
be convenient. As protection against shutdown from 
erosion, two slide valves in series are provided at the 
bottom of each standpipe. One valve is kept open, 
normally, with one valve in service holding the neces- 
sary pressure drop. When a slide valve becomes too 
badly worn it is removed from service by being 
opened wide and its spare is controlled to maintain 
the pressure drop. In plant operation standpipe 
densities and catalyst-system pressures usually are 
adjusted so that minimum pressure drop occurs 
across the slide valves, as this greatly lessens erosion. 


Heat Balances 


The powdered catalyst used in fluid catalytic 
cracking units, in addition to serving as catalyst for 
the cracking reaction, and as vehicle for transferring 
coke production from the reactor to the regenerator, 
also serves as a direct-contact heat medium for 
vaporizing the oil charge, heating it to cracking 
temperature, and supplying the heat of reaction. The 
unit shown in Figure 4 uses hot catalyst circulation 
plus heat exchanger to supply all process heat. In 
such a unit it is necessary to balance heat require- 
ments of the reactor system against the heat supplied 
by the regenerated catalyst circulation. Several oper- 
ating variables are interrelated, and one can not be 
changed without having some effect on the others. 
The reactor temperature and reactor catalyst inven- 
tory are dependent on the nature of the oil charge, 
the desired products, and the catalyst activity. The 
regenerator temperature must be sufficiently high to 
promote coke combustion, but not high enough to 
cause catalyst deactivation. The catalyst circulation 
rate, the differential between reactor and regenerator 
temperatures, and the feed preheat must all be 
adjusted so that the desired heat balance is attained. 
The weight ratio of catalyst entering the reactor 
to the reactor oil charge including any recycle oil 
is termed the catalyst-oil ratio. This ratio is about 
12:1 for the conditions shown in Figure 4 which 
involve a fairly low reactor temperature and mod- 
erate conversion. More severe cracking conditions 
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with higher reactor temperature and higher conver- 
sion will require a much higher catalyst circulation 
rate, that is, a higher catalyst-oil ratio, to secure 
heat balance. Addition of a preheat furnace for the 
oil feed will provide operating flexibility and allow a 
lower catalyst-oil ratio by raising the total heat of 
the oil feed, At higher conversion levels with higher 
reactor temperatures, the lower differential tempera- 
ture between regenerator and reactor and the greater 
heat required for the cracking reaction necessitates 
an increase in the catalyst-oil ratio. If no preheat 
furnace is used this ratio may be 25:1 or higher, At 
low conversion levels with low reactor temperature 
and with a preheat furnace, the catalyst-oil ratio may 
be as low as 5:1. 

The coke-burning capacity of the regenerator is 
usually the basic limiting factor that sets maximum 
oil throughput for a unit, and this capacity is directly 
related to the rate at which heat can be removed 
from the regenerator “dense-phase” catalyst bed by 
circulation of catalyst to the reactor, by exit of flue 
gases from the regenerator, or by other means. The 





REGENERATOR 


DENSE PHASE 
CATALYST BED 


STANDPIPE™a\ 


RECYCLE 
CATALYST 


COOLER 
~ 














RECYCLE 
CATALYST 
CARRIER 


meee i eal 


SLIDE VALVES 











CARRIER AIR 











FIGURE 5 


provision of a “recycle catalyst cooler” is one method 
for removing heat from the regenerator. As indicated 
in Figure 5, the cooler can be a tube bundle through 
which catalyst is circulated in “dilute-phase” flow 
by means of a special standpipe, slide valve, and 
carrier line. Air carrier medium is used in the regen- 
erator for coke combustion. The heat removed from 
the recycled catalyst is possibly best utilized for 
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steam generation as there is‘a fire hazard from tube 
failures if oil is heated here. 


Auxiliary Catalyst Equipment 


The principal auxiliary equipment required for 
handling catalyst in a fluid cracking unit is shown 
in Figure 4. Fresh catalyst is brought to the refinery 
in box car quantities, either loose or packaged in 
sacks. An air conveyor system is used to move this 
catalyst into the storage hoppers. Air is drawn 
through a 6-inch pipe by means of a positive-displace- 
ment rotary compressor. The inlet to this line, a 
section of hose, is located at the railroad unloading 
site, and is either inserted into the loose catalyst, 
or if the catalyst is packaged, it is connected to an 
open hopper into which the sacks are emptied. The 
suction line passes through a separator with bag 
filters located above the catalyst storage hoppers 
which separate catalyst from airstream, collecting 
the catalyst in a chute. A rotating barrel-valve type 
feeder allows the catalyst to flow by gravity into a 
reversible horizontal screw convevor which moves 
the catalyst to the inlet opening of either the fresh- 
catalyst storage hopper or the spent-catalyst storage 
hopper, as may be desired. 

Catalyst required for makeup purposes to replace 
operating losses can be transferred from either 
storage hopper through standpipes, slide valves, and 
a carrier air line to the regenerator. 

When a fluid cracking unit is shut down it is neces- 
sary to remove the catalyst from the process equip- 
ment, as it would otherwise settle and pack in 
catalyst carrier lines and would interfere with inspec- 
tion and maintenance, and with normal start-up 
procedure. The spent-catalyst hopper serves to store 
catalyst during shutdowns. Catalyst is moved to this 
hopper by means of a 10-inch carrier air line passing 
through a special box type catalyst cooler used to 
cool the stream to about 300° F. as it flows to 
storage. A recycle catalyst cooler, when available, 
can be used as a convenient means for cooling hot 
catalyst to storage temperatures at shutdown times, 
and makes the provision of a special box type cooler 
unnecessary. Catalyst removed to storage is picked 
up by means of the usual standpipe and slide valve 
arrangements, at the base of the regenerated catalyst 
standpipe, below the spent catalyst standpipe slide 
valve, from the bend of the spent catalyst carrier 
line, and from the precipitator standpipes, so that the 
catalyst systems of the unit can be largely emptied 
of catalyst without the use of mechanical handling 
equipment. A “vacuum cleaner” system is also pro- 
vided to move odd amounts and catalyst spillages to 
the bag filter separator, with the same compressor 
serving to pump the carrier air for this line also. 

Before putting catalyst into a fluid cracking unit, 
it is desirable to have process equipment tempera- 
tures well above the dew point to prevent formation 
of catalyst muds and the possible blocking of catalyst 
flow during operation, An air heater in the carrier air 
system is used to do this preheating of equipment, 
hot flue gases being allowed to flow up through the 
principal piping and vessels along with carrier air. 
A 20-inch line is provided for transferring catalyst 
from either storage hopper to the process equipment, 
utilizing carrier air from the main process air blower 
of the unit. This catalyst enters the base of the spent 
catalyst carrier line and is blown into the regenerator 
by the regular stream of carrier air. The catalyst 
is moved to the reactor through the regenerated- 
catalyst standpipe, slide valve, and reactor feed riser 
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by means of a carrier stream of steam. When catalyst 
is in the system in approximately the desired amount, 
the equipment is brought up to initial operating 
temperature by means of the air heater. 


Calculations 


Fluid-catalyst circulation systems are designed 
with line sizes and equipment elevations adequate 
for the desired catalyst flow. The sizing of lines is by 
direct calculation of the diameter required to give 
desired design velocities, but the setting of equip- 
ment elevations is largely a matter of trial-and-error 
calculation of catalyst heads and pressure drops, 

In Figures 4 and 6 the regenerated catalyst stand- 
pipe is longer than the spent catalyst standpipe, for 
reasons already given. In design of such units the 
reactor, regenerator, and catalyst stripping section 
are first worked out from process considerations, and 
flow quantities are used to calculate flowing catalyst 
densities in carrier lines. With densities established 
within an operable range (5 pounds per cubic foot 
maximum for design), equipment elevations are set 
up. The inlet end of the spent-catalyst carrier line 
is established at a convenient elevation above ground 
level and the reactor set at a trial elevation providing 
a standpipe length estimated as reasonable. A sum- 
mation of pressure drops from the fractionator reflux- 
drum to the inlet of the reactor feed riser gives the 
pressure required at that point, and the regenerated 
catalyst standpipe height is calculated to equal this 
pressure plus the design slide-valve pressure drop, 
thus setting the height of the regenerator. A summa- 
tion of pressure drops from the regenerator outlet 
back to the inlet of the spent-catalyst carrier line 
gives the pressure required below the spent-catalyst 
slide valve, and a check of spent-catalyst standpipe 
head and available slide-valve pressure drop com- 
pletes the elevation calculations. If the available 
slide-valve pressure drop is not as desired, the reactor 
elevation is changed to correct the spent-catalyst 
standpipe length, and all calculations are repeated, 
until a satisfactory balance is obtained. With other 
designs, different pressure levels in reactor and re- 
generator will result in different relative elevations 
between these vessels, but the general calculation 
method is the same. 

The volume of the gases which leave the reactor 
and regenerator with the flowing catalyst, and the 
volume of aeration gases can be calculated from 
catalyst and gas densities as follows: 


Pe (1—x) + PgX = Pte 


x= —Pe—Pte 
Pe — Pg 
where 
x = volume of gas per cubic foot of flowing catalyst 


|1—x= true volume of catalyst per cubic foot of flowing 
catalyst 
Pe = true density of catalyst, pounds per cubic foot. 
Pre = density of flowing catalyst, pounds per cubic foot. 
P, = density of gas calculated for existing temperature and 
pressure, pounds per cubic foot. 














ae W Pts 
va Ws 8 oe) Were) 
Pe (1—x) pe (1— eh Pe (Pte — Ps) 
Pe— Pg 


V = volume of gas leaving vessel, cubic feet per hour 
W = true weight of catalyst leaving vessel, pounds per hour 


Calculating the density, volume, and weight of gas 
flowing into a standpipe from reactor or regenerator 
“dense-phase” catalyst bed, and making similar cal- 
culations for the gas required at the bottom of the 
standpipe, entering the slide valve, allows aeration 
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STEAM 7 
Eig NSE PHASE 
a FLOW IN 
ol STANDPIPE 
DILUTE PHASE CARRIER AIR 


FLOW 


ee 23.0 1000 1750 7.627 13350 200 67 
Slurry oil recycle .13.0 650 1135 8.155 9250 280 33 
Total oil to reactor 12650 22135 164600 655 ~ 
Steam to reactor inlet riser 1600 18 89 
Coke production, pounds per hour.................eeeeeee ‘ 
Pressure above regerrerator catalyst bed, psia............... 22.1 
Pressure above regenerator catalyst bed, psia............... 15.6 

iy Reactor bed temperature, °F..............c0eceeaccveceees 890 
Regenerator bed temperature, °F..............-.0ceeee0e% 1100 
Reactor feed riser temperature, °F.............-c0ceeceee 850 
Spent-catalyst carrier line temperature, °F................. 870 











FIGURE 6 


gas to be determined by difference. Aeration gas re- 
quired for a given flowing catalyst density at any 
standpipe level can be calculated in a similar manner. 

Pressure drop across distribution grid orifices 
and slide-valve openings can be calculated, approxi- 
mately, from a standard orifice entrance loss formula 
as follows: 





c V ‘2H — \ Ve—V? 














H= Ve—V: 
2g (c) 
a=. 144 Ap 
Pte 
Ap = Pre (Vo — V1’) _ 0.000108 pre( Vo" = Vg) 
144 (2X 3217)¢ S 


Ap = pressure drop, pounds per square inch 
H = head loss, feet 
Pre = density of flowing stream, pounds per cubic foot 
/>= velocity through restriction, feet per second 
V:= upstream velocity, feet per second 
g = acceleration due to gravity, 32.17 feet per second 
per second 
c = orifice coefficient, 0.6 minimum to 0.8 maximum 


Examples 

To illustrate the calculation of fluid catalyst- cir- 
culation systems, heads and pressure drops will 
be calculated and compared with actual operating 
values. The following quantities and operating con- 
ditions are taken from the plant operation shown on 
Figure 4. In the case of a new design they would 
be established by process considerations for the 
particular case. Figure 6 shows equipment elevations, 
reactor and regenerator pressures above catalyst 
beds, and differential pressure readings from which 
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density of catalyst beds will be calculated, In new 
equipment design the standpipe densities would be 
set at about 25 pounds per cubic foot, while the 
catalyst-bed densitieés in reactor and regenerator 
would be set at about 15 to 20 pounds per cubic foot 
to provide ample bed volumes for reaction and re- 
generation to occur evén at low catalyst densities. 

°API BPSD GPH #/G #/H MW M/H 


Fresh oil feed....28.5 11000 19250 7.364 142000 255. 555 
Heavy cycle oil 



















































- 





Catalyst circulation (by reactor heat balance) = 16. tons/hour '* 


= 1930000 Ibs/hour 
Catalyst/Oil ratio = 1930000/164600 = 11.7 
Carrier air 
24800 cubic feet per minute @ 60° F. and 14.7 psia, dry. 
Cottrell return air 
883 cubic feet per minute @ 60° F. and 14.7 psia, dry. 
With blower inlet at 90° F. @ 60 percent relative humidity, 
moisture = 0.0185 pounds water per pound dry air. 
CFM@60°F. Mols/Min MW #/Min. CFM@90°F. 
Dry air 24800 65.5 28.97 1900 26200 
Water 740 1.95 18 35* 780 


Humidair 25540 67.45 1935 26980 
*(1900 K 0.0185 — 35) 








Spent Catalyst Standpipe 

















Reactor pressure above catalyst bed = 22.1 psia 
DPR-1 reading = 78 inches water 

DPR-2 reading = 74 inches water 

Tap spacing = 12.5 feet 

Reactor bed density = we a x 144 30.8 #/cf 

Bed depth = Bx Me = 13.2 feet 

Head of catalyst bed = ee = 2.82 psi 
Pressure above reactor grid = 24.92 psia 
DPR-3 reading = 20 inches water | = 0.72 psi 
Pressure below reactor grid = 25.64 psia 
DPR-4 reading = 124 inches water 

Tap spacing = 25.58 feet 

Average density = 124 axa = 25.2 # /cf 

Catalyst head across stripper = OE Ne = 2.1 psi 
Pressure at stripper inlet 5 24.92 psia 
Pressure at stripper outlet —— 27.02 psia 
: : aa a, Se ; 
Catalyst head across standpipe = a 3.15 psi 
Pressure Paco catalyst slide valve: = 30.17 psia 


Steam density at bottom of stripper, 950° F., 


— 18 X 520 27.02 __ 
= 379 < 1410 x 14.7 29922 #/cf 
Steam leaving stripper with spent catalyst 


_— 1939000 (130 —25.2) _ 
130 (252 — 0.0322) 02000.ghr7h @ 0.0322 #/cf 


= 111 mols/h 
Steam density above slide valve, 950° F. 
— 18520 30.17. _ 
= = 0.0 
379 X 1410 x 147 wale 
Steam entering slide valve 


—. 1939000 (130 — 25.2) __ 
130 (25.2 — 0.036) 20 <£/h @ 0.036 #/cf 














= 2230 # /h 
= 124 mols/h 
Aeration steam = 230 #/h 
= 13 mols/h 
[Continued on next page] 
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VS pent catalyst carrier line, 870° | 


Regenerated Catalyst Standpipe 


Regenerator pressure above catalyst bed 15.6 psia 
DPR-5 reading = 68 inches water 
DPR-6 reading = 33 inches water 
Tap spacing 6.0 feet 
Regenerator bed density = 33 x 0.435 144 _ 28.6 #/cf 
12 « 6.0 

Bed depth = xe 12.4 feet 

i ? > 
Head of catalyst bed 12.4 X 28.6 2.46 psi 

144 


18.06 psia 
0.61 psi 
18.67 psia 


Pressure above regenerator grid 
DPR-7 reading = 17 inches water 
Pressure below regenerator grid 
Pressure above regenerated catalyst 
standpipe slide valve 

Pressure above regenerator grid 


36.7 psia 
18.06 psia 


Regenerated catalyst standpipe head 18.64 psi 


Elevation differential 130 — 25 = 105 feet 
Standpipe density 18 ane 144 25.6 #/cf 


Gas density entering standpipe, inert gas, 29 
molecular weight, 1100° F. 
29 & 520 * 18.06 
379 & 1560 & 14.7 
Gas entering standpipe with catalyst 
( _.. 22 ; , 
1930000 (150 — 28.6) — 52700 cf£/h @ 0.0313 #/c! 
130 (28.6 — 0.0313) 


0.0313 #/cf 


1650 #/h 
57 mols/h 
Steam used for aeration 
Gas density entering slide valve, 1080° F., 
assumed 22.6 molecular weight 
22.6 * 520 * 36.7 
379 & 1540 X 14.7 
Gas entering slide valve with catalyst 


0.0505 #/cf 


( 25 . —— ; 
1930000 (130 — 29.0) — 69800 cf/h @ 0.0505 #/ct 
130 (25.6 0.0505) 
3080 #/h 
136 mols/h 
CF/H p # /H MW Mols/H 
Inerts 1650 29 57 
Aeration steam 1430 18 79 
Total gas 60800 0.0505 3080 22.6 136 


Reactor feed riser, 850° F., average pressure assumed 26 psia 
i 


#/H MW Mols/H 
Fresh feed 142000 255 555 
Heavy cycle oil 13350 200 67 
Slurry oil 9250 280 33 
Total oil 164600 655 
Inlet steam 1600 18 89 
Inerts 1650 29 57 
Aeration steam 1430 18 79 
Total vapor 169280 880 
10 wee aa 
Vapor volume ow > we x 1510 +76000 cf/h 
Z0 

#/H p CF/H 
Vapors 169280 476000 
Catalyst 1930000 130 14800 
Byes 2099280 490800 
Flowing density 2099280 27 #/cf 

490800 
Riser head (with 2:1 “slip factor”) 
eae X 17 X< 2 101 
v2 01 psi 


144 
Pressure below reactor grid 
Pressure loss from friction, bends (estimated) 


25.64 psia 
1.0 psi 
27.65 psia 


Pressure below regenerated catalyst slide valve 


, average 
pressure assumed 23 psta 


Mols/H MW #/H 

Dry air 3930 29 114000 

Water vapor 117 18 2100 

Aeration steam 13 18 230 

Total vapor 4060 116330 
4060 « 10.72 & 1330 


Vapor volume = = 2520000 cf/h 


23 


116 = 442} 





#/H 





Vapors 116330 2520000 
Catalyst 1930000 130 14800 
Coke 9000 45 200 
2055330 2535000 
Flowing density = oo = 0.81 #/cf 
Riser head (with 2:1 “slip factor”) 
0.81 x 118 X2 — 1.33 psi 
1H 
Pressure below regenerator grid 18.67 psia 
Pressure loss from friction, bends (estimated) 2.0 psi 
Pressure below spent catalyst slide valve 22.0 psia 
Summation of Calculated Pressures 
_ psia psia 
Calculated Observed 
Above spent catalyst slide valve 30.17 31.7 
3elow spent catalyst slide valve 22.0 22.7 
Above regenerated catalyst slide valve 36.7* 36.7 
Below regenerated catalyst slide valve 27.65 28.2 
Spent catalyst slide valve pressure drop 8.17 9.0 
Regenerated catalyst slide valve pressure drop 9.05 8.5 


* Not calculated. 


Line Velocities 
Desirable range, 
Feet/second 


Calculated, 

Feet /second 

Reactor feed riser, 40” ID 
490800 





— 15.77 20 to 30 
3600 x 8.7 
Spent catalyst carrier line. 72” ID 
2535000 : 
sola oe 2 24.9 20 to 30 
3600 X 28.3 
Spent catalyst standpipe, 36” ID 
62000 + 14800 +- 200 nC rc 
- * — 3.05 2.9 to 6 
3600 X 7.01 
Regenerated catalyst standpipe, 36” 
60800 + 14800 A: 
a es 3.0 2.5 to 6 


3600 * 7.01 
tThe cracking reaction greatly increases oil vapor volume because 
of the formation of low-molecular-weight products. Reaction begins in 
the inlet riser and volume increase occurring here will somewhat 
increase this line velocity. 


Shide Valz e 4 lreas 


standpipe has two 14” square 
196 square inches = 1.36 square 


The regenerated catalyst 
port slide valves, area open: 
feet. 

Velocity through open valve 
75600. __ , 

3600 1.36 

0.000108 (25.6) (15.5°— 3.0*) 
(0.8)° 


ur 


5 feet second 


and AP= 
= 0.99 psi 
Pressure drop across “throttled” valve 
= 9.05 — 0.99 = 8.06 psi 
Velocity through throttled valve 
806 = 0.000108 (25.6) (Vo° — 3.0°) 
.64 
V*—9.0= 1865 
V* = 1874 
V = 43.2 feet/second 


\rea required for throttled valve 


eid 75600 ~~ 
= —____——_—____ = .481 square feet 
3600 K 43.6 
Valve opening _ ea 4.95 inches 


Similar calculations can be made for the other slide valves. 
and for grid orifices. 
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Reclamation of Waste 


At Beaumont Refinery of 


Magnolia Petroleum Company 


J. L. HEATH and PERCY GIBLIN 
Refining Division, Magnolia Petroleum Company, Beaumont, Texas 


Re PLANT PRACTICE, appreciable quantities of 
oil are wasted in handling and treating operations. 
However, this oil does not represent necessarily a 
complete loss to a refinery equipped with modern 
facilities for its recovery. In addition to the actual 
monetary value of the recovered oil which may be 
used as fuel, such processes protect the refinery from 
numerous claims tor damages that may arise as a 
result of polluting water streams and adjacent terri- 
tories with waste products detrimental to animal and 
plant life. For these reasons, the problem of reducing 
the quantity of discarded oil from the plant should 
be kept always at the lowest possible minimum. 
Waste products from refinery opetations may con- 
tain widely different percentages of oil which deter- 
mines to a considerable extent the selection of a 
proper method for their economical handling. The 





FIGURE 1 


water may contain particles of suspended oil, or the 
oil may contain particles of suspended water, which 
can be easily separated by mere settling. In other in- 
stances the two major constituents may form emul- 


‘sions of water-in-oil or of oil-in-water type, requiring 


somewhat elaborate methods for their resolution. 
The second type of emulsion is much more commow” 
around the refineries than the first type, which is 
prevalent in the oil fields. 


_ Emulsions 

Emulsions consist of minute globules of one liquid 
surrounded by a film of the so-called emulsifying 
agent and suspended in another liquid. EmuJsifying 
agent prevents the globules from uniting with each 
other and forming larger particles that would settle 
out by gravity difference. Sodium soaps produced in 


Inlet of a typical inter-refinery separator. Feed to the separator consists of slop oil containing comparatively small quantities of water. The oil layer 
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obtained after settling is pumped into the black tank shown on the left. 
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FIGURE 2 


Outlet of an inter-refinery separator. Note the system of baffles used for improving separation of water from the emulsion. 


FIGURE 3 


Inlet of waste-oil settling pond (right). 

Pond is used for settling water contain- 

ing relatively small quantities of oil. 

Water layer obtained from inter-refin- 

ery separators passes through this 

pond before it is discharged from the 
refinery. 
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FIGURE 4 


ele UT ee fT _ To Outlet from waste-oil settling pond 
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(left). Note the system of baffles de- 
signed for improving separation of 
water and oil layers. 
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refining oils with caustic soda are common emulsi- Waste refinery streams containing small quantities 
fying agents responsible for the oil-in-water type of of oil in suspension are normally handled by passing 
emulsions, while asphalt, clay, lead sulfide or calcium them through settling tanks equipped with suitable 
soaps give emulsions of the other type. It may be traps and level control devices’. In some instances 
readily seen that emulsifying agents responsible for the water layer may be filtered through spent clay 
one type of emulsion are capable of breaking emul- or small particles of coke in order to improve the 
sions of the opposite type. separation and assist in breaking emulsions which are 





















FIGURE 5 


Slop-oil emulsion-breaking tanks are the two large tanks to the left and to the right on the picture. Spent caustic is stored in the small tank shown 
on the foreground. 
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FIGURE 6 
Waste-oil system, Magnolia Petroleum Company’s Beaumont refinery. 
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relatively unstable. However, refinery wastes con- 
taining large quantities of emulsified oil are not sus- 
ceptible to such treatment. Some refineries attempt 
to handle each individual stream separately, depend- 
ing on its inherent characteristics, but this requires 
multiplication of equipment and efforts resulting in 
poor overall economy. These objections were success- 
fully overcome at the Beaumont Refinery of Mag- 
nolia Petroleum Company, where the method de- 
scribed below has been in use for a number of years 
and is now of proven commercial value. It is of in- 
terest that the effluent water is of better quality than 
the water entering the refinery. The emulsion-break- 
ing system is rather unique in that only refinery 
waste products are used and in that the process ap- 
pears to lend itself to breaking of all types of emul- 
sions which originate within the refinery. 


Sources of Waste Materials 


Major sources of waste materials treated at the 
Beaumont Refinery may be classified as follows: 

1. Oil rejected from various treating units or spilled 
in this refinery area. 

2. Bottom settlings and water (BS&W) from 
crude-oil tanks which are removed daily by pumping. 
3. Oil displaced from pipe lines in order to avoid 
contamination caused by pumping different products 
through the same conduits as well as materials lost 
by spillage, leakage or breakage of equipment. 

4. Refuses resulting from tank cleaning operations. 

5. Oil present in waste-treating reagents or wash 
waters. 

These materials are gathered in various parts of 
the refinery in an integrated system of sewers and 
settling tanks or ponds. Some of them are handled in 
a slightly different way than others in order to re- 
move the ‘maximum feasible quantity of water before 
they reach the final demulsifying equipment. For in- 
stance, materials answering the first and third classi- 
fications are transferred to the so-called inter-refinery 
separators, located in various areas around the plant 
where some of the water is removed by settling. Fig- 
ures 1 and 2 show construction of these separators. 
Automatic level-control devices regulate the outflow 
of the materials after the two layers are formed. The 
oil layer is pumped into the emulsion-breaking tanks 
shown in Figures 5 and 1. 

Materials secured by pumping the bottom layer of 
crude-oil tanks contain relatively large quantities of 
oil emulsified with water and little is gained by allow- 
ing them additional time for settling. For this reason 
they are pumped directly into the emulsion-breaking 
tanks. 

Settling Ponds 

Materials containing large volumes of water, such 
as those enumerated under items (4) and (5), as 
well as the water layer obtained from inter-refinery 
separators, are transferred to waste - oil - settling 
ponds, shown in Figures 3 and 4. They differ from 
the inter-refinery separators mainly by their sizes 
rather than by basic principles of construction. Ample 
time is allowed to effect separation into two layers, 
and the oil, or more correctly the emulsion layer, 
then is pumped in the emulsion-breaking tanks. 


Emulsion-Breaking Tanks 
Oil emulsions concentrated as far as possible by 
this preliminary settling are those collected in the 
emulsion-breaking tanks which are‘?75 feet in diam- 
eter and 30 feet high. Details of their construction are 
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shown in Figure 6. It may be noted that these tanks 
are equipped with flat steam coils for heating and 
have a centrally located spider in the roof for intro- 
ducing spent refinery caustic and similar materials 
which act as emulsion-breaking chemicals, The pro- 
cess is operated as follows: 

The emulsion-breaking tank of 33,000 barrels total 
capacity, which contains 10,000 barrels of material 
left from the previous cycle is charged with 10,000 
additional barrels of emulsion obtained from the 
sources already described. This emulsion contains 
normally about 25 percent oil and 75 percent water. 
The mixture is heated to about 120-150° F. One thou- 
sand barrels of boiler blowdown containing 3,000- 
4,000 ppm solids, are sprayed into the tank from the 
spider. This is followed by another spray of 100 bar- 
rels of spent caustic. The spent caustic is an emul- 
sion by itself as it contains about 22 percent oil. 

The mixture is allowed to settle for 24 hours, us- 
ing a 48-hour operating cycle for each tank. The oil 
layer at the top and the water and sludge layers at 
the bottom are pumped out, leaving about 10,000 
barrels of unbroken emulsion for the next cycle. 

The “clean” oil layer recovered from this operation 
has the following average characteristics: 

ASTM distillation 


I.B.P. 192° F. 
10 percent 353” F. 
20 percent 413° F. 
30 percent 455° F. 
40 percent 494° F. 
50 percent 536° F. 
60 percent 578° F. 
70 percent 744° F. 
80 precent 683° F. 
81 percent cracking 
Gravity 30.5° API 
B.S., volume percent 0.1 


72.9 
The intermediate emulsion layer which remains in 
the tank for recycling has the following character- 


istics: 


Water, volume percent 


72.9 
22.0 


Water, volume percent 

Recoverable Oil, volume percent 
Characteristics of recoverable oil: 

Gravity 38.1° API 
ASTM distillation 


5 percent 124° F. 
10 percent 180° F. 
20 percent 310° F. 
30 percent 364° F. 
40 percent 406° F. 
50 percent 438° F. 
60 percent 466° F. 
70 percent 492° F. 
80 percent 520° F. 
90 percent 550° F. 
97 percent 630° F. 

Recovery, percent 97° F. 


The sludge and water layer from the emulsion 
breaking tank has the following approximate com- 
position: 

Solids 
Water 


Volatile matter in solids 
pH of water 


1— 4% wt. 
96 — 99% wt. 
10— 40% wt. 
7.8— 10.5 


The oil content of the sludge-water layer thus 
averages about 0.2 percent which is negligible. 
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UNITED GAS PIPE LINE COMPANY’S CARTHAGE 


Field-Pressure Gasoline Plant 


PROCESSING 100 MILLION FEET PER DAY 


C. C. PRYOR, Associate Editor 


; FIRST large gasoline plant in the Carthage 
held, Panola County, Texas, owned and operated by 
United Gas Pipe Line Company. is now on stream 
with capacity for processing 100,000,000 standard 
cubic feet of gas and producing approximately 170,- 
000 gallons of liquid products daily. An additional 
50,000,000 standard cubic feet of gas may be passed 
through the system of separators, and heaters in the 
plant and supplies the company’s low-pressure (450 
psig) gas pipe line. This gas is not processed for its 
gasoline content. 

A high-pressure dehydration unit, capable of han- 
dling 100,000,000 cubic feet per day of residue gas 
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from the absorbers (operated at 1040 psig’, also is 
included in the plant. Dehydrated gas from the plant 
supplies the company’s recently completed 24-inch 
pipe line to Monroe, Louisiana, from the field at a 
pressure of 1000 psig. The condensate fractionating 
unit is similar to that of refinery design, permitting 
simultaneous production of several specification prod- 
ucts from the single unit. Designed for maximum 
flexibility, the plant can produce a wide range of 
products; propane, isobutane, and liquified petro- 
leum gases, natural gasoline, motor gasoline, naph- 
tha, kerosine, and residue. 

The plant and pipe lines operate on field pressure, 
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and with the exception of one small recompressor 
for flashed gases, compressors are not used. 

Condensate gas is brought to the plant through a 
20-inch line from the field gathering system consist- 
ing of 103 miles of pipe, ranging in size from 6 to 20 
inches and delivered to four inlet scrubbers 4x 20 
feet, at 1050 psig and 85° F. (Figure 1.) From the 
scrubbers the gas stream is divided so that 50,000,000 
cubic feet daily may be diverted through a bypass 
heater where steam raises the temperature from 85° 
F. to 105° F. to prevent hydrate formation, then to 
the low-pressure pipe line. The remainder of the gas 
flows to the two 5 x 48-foot high-pressure absorbers 
(100,000,000 cubic feet daily) where it is contacted 
by counter-flowing absorption oil (463 g.p.m., 0.815 
sp. gr., straight-run kerosine distillate) on 20 trays, 
which have 79 bubble caps per tray. Absorber residue 
gas flows through an outlet scrubber to the dehydra- 
tion unit. 

Condensate Processing 

Condensate from the inlet scrubbers is flashed in 
three stages at 500, 200, and 80 psig in the high-, 
intermediate-, and low-pressure condensate flash 
drums, respectively, Overhead gas from the high- 
pressure flash drum, 5x20 feet, flows through a 
scrubber to the low-pressure gas line as does gas 
from the intermediate flash drum, 5 x 10 feet, after it 
passes through a suction scrubber for recompressing 
from 190 psig and 90° F. to 460 psig and 170° F. and 
then through the scrubber to the low-pressure gas 


line. The gas from the low-pressure flash drum, 
10 x 40 feet, flows to the low-pressure rich-oil reab- 
sorber at the top of the lower section. 

The stream of raw condensate, after three stages 
of flashing, flowing at 70° F. and 80 psig from the 
low-pressure condensate flash drum, is divided into 
two streams; one stream flows to the hot-condensate 
flash tower, 3x 31.5 feet—12 trays, 27 bubble caps 
per tray, onto the top tray, and the second stream 
enters the tower at the tenth tray after passing 
through a steam-heated preheater, where its tem- 
perature is raised to 180° F, 

Rich gases overhead from the flash tower flow to 
the reabsorber entering below the trays in the lower 
section. Depropanized condensate at 310° F. and 60 
psig flow from the hot condensate flash tawer re- 
boiler, which is heated by recirculated bottoms 
from the condensate fractionator, at a rate of 87.4 
gallons per minute onto the fourth tray of the 
fractionator tower, which is 5.52 x 55.5 feet with 
20 trays and 103 bubble caps per tray. Hot lean oil 
also is pumped into this stream from the bottom of 
the low-pressure still. A portion of the reflux stream 
to the low-pressure still (3.1 gallons per minute) 
enters the fractionator on the fourteenth tray. The 
overhead product of the fractionator, motor gasoline, 
is refluxed at a rate of 70.5 gallons per minute. Of the 
total liquid produced overhead, 112 gallons per min- 
ute, 41.5 gallons per minute goes to storage. The 
bottoms of the condensate fractionator are recircu- 
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Process flow diagram of United Gas Pipe Line 
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lated through the heat exchanger and then through 
a condensate furnace. The furnace, a radiant convec- 
tion type with 36 tubes, 6 inches in diameter and 21 
feet long, delivers 10,000,000 Btu per hour. It has a 
radiant rate of 7640 Btu per square foot per hour 
and uses 12,620 cubic feet per hour of fuel gas. Bot- 
toms from the fractionator, 290 gallons per minute, 
enter the furnace at 500° F. and leave at 550° F. with 
50 percent vaporization of the charge, which enters 
on the first tray of the fractionator. 

The condensate fractionator serves a three-section 
side-stream steam stripper, 2.5x 36.5 feet, section 
having four trays—18 bubble caps per tray—produc- 
ing naphtha, kerosine, and residue. The naphtha 
stripper cut is made from either the fifteenth or 
seventeeth tray of the fractionator and returns vapor 
to the eighteenth. This stripper produces 39.5 gallons 
per minute of naphtha, which is pumped through a 
cooler to storage. A cut from either the ninth or 
eleventh tray is made for the kerosine stripper and 
vapor is returned to the twelfth tray. Kerosine at the 
rate of 8.22 gallons per minute is pumped through 
coolers to storage. The residue stripper cut is made 
on the first bottom tray of the fractionator and the 
vapor returned to the third tray. Residue, 1.4 gallons 
per minute, is pumped through the cooler to storage. 

The naphtha stripper is operated at 16 psig and 
260° F. on 415 pounds per hour of 25-pound steam; 
the kerosine stripper at 17 psig and 374° F. on 115 
pounds per hour of 25-pound steam, and the residue 


stripper at 18 psig and 461° F. on 550 pounds per 
hour of 25-pound steam. 


Rich Oil Processing 

Rich oil from the bottom of the absorber is flashed 
in the high-pressure rich-oil flash drum, 5x 10 feet, 
at 500 psig and again in the intermediate flash drum, 
5x10 feet, at 200 psig, where excess methane and 
ethane gases are removed. Liquid from the inter- 
mediate drum then flows to the rich oil flash and re- 
absorber tower at the top of the lower section, The 
rich oil flash and reabsorber tower consists of a bot- 
tom section 5x 16.75 feet with 4 trays having 48 
bubble caps per tray, and a top section 2.5 x 22 feet, 
which has 10 trays and 18 bubble caps per tray. 

Other gases fed into the reabsorber are the recycled 
rich gases from the debutanizer feed drum, hot-con- 
densate flash tower, debutanizer reflux accumulator, 
and the high-pressure still reflux accumulator drum. 
These gases enter below the trays of the lower sec- 
tion to contact the flashed absorption oil. Fifty-five 
gallons per minute of absorption oil contact the gases 
in the reabsorber for final control of butane loss. 
Overhead residue gas, 1,500,000 cubic feet per day, 
from the reabsorber is used as plant fuel for boilers 
and furnaces. 

The bottoms of the reabsorber, 595 gallons per 
minute, are pumped through heat exchangers, where 
6 percent is vaporized by heating the stream to 340° 
F. These exchangers are heated by hot lean oil at 
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Company’s Carthage field gasoline plant. 








Toon 
ACCUM L ee | 
8 1 @ ( " _—— 
Mi ‘ee bare 7 
1 oe : 
aan — ' "Tet r 
— ne ricTr = | 
a) a 
wk SK. 
oe | SO CO 
a —— 
ty = 
(~\ Es tlibaieed a 
= HOT Lean REFLUX REFLUX DEETH. FEED Brms. circ. 


OW 





OEISOBU TAN! ZER 





DEETHANIZER 


Rerus = KER, APU. REPU 








September, 1946—A Gulf Publishing Company Publication 


































ne r 


NS 













cel i. 
rT 


Ph ea eee eae. § 
— 


me ee 


— 






ate 


— ee 










a 


—— 





aw 























































Feed drums, heat exchangers, and still towers in the condensate section. 


105° F. pumped from the bottom of the low-pressure 
still then charged to the rich-oil furnace, which in 
creases the vaporization to 19.5 percent and the tem 
perature to 450° F. 
17,400,000 Btu per hour and is a radiant-convection 
type furnace having 36 6-inch I.P.S. diameter tubes 
29 feet long. It has a radiant rate of 9,620 Btu per 
square foot per hour. Hourly fuel gas required is 18, 
875 cubic feet. From the rich-oil furnace, the bottoms 
are charged to the high-pressure still, 6.5.x 49 feet 
with 20 trays—146 bubble caps per tray, on the tenth 
tray. All hydrocarbons, with the exception of the 325 
1.B.P. and heavier, are steam stripped from the oil 
which then is charged to the low-pressure still at the 
rate of 521 gallons per minute. Overhead from the 
high-pressure still, 412,000 cubic feet per hour, ts 
condensed and flows to the reflux accumulator, from 
which 146 gallons per minute is pumped back as re 
flux and 44.6 gallons per minute is pumped to the 
debutanizer feed drum. Gas from the reflux accumu 
lator flows to the reabsorber. 

Lean oil from the bottom of the 20-tray low- 
pressure still, 6x 50 feet, 121 bubble caps per trav, 
steam stripped is pumped through the lean oil-rich 
oil heat exchangers and a shell-and-tube cooler to the 
lean-oil surge tank. Naphtha vapors, 61,400 cubic feet 
per hour overhead from the still are condensed and 
flow to the reflux accumulator. The pump returns 
54.7 gallons per minute to the tower as reflux and 
charges 3.1 gallons per minute to the condensate 
fractionator. 
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This furnace has a heat load of 


Fractionation 


The 30-tray debutanizer, 4 x 45 feet, 8 bubble 
caps per ay operated at a bottom tempera- 
ture of 295° F. (steam-heated reboiler) and 170 
psig, choy tds debutanized natural gasoline at 
the rate of 18.7 gallons per minute which flows 


through the bottoms-feed exchanger, then 
through coolers to storage. Butanes and 


lighter overhead from the debutanizer are con- 
densed and flow to the reflux accumulator 
drum at a rate of 77.7 gallons per minute. Of 
this volume, 51.8 gallons per minute are 
pumped back to the tower as reflux and 25.9 
gallons per minute are heated in a steam ex- 
changer, which vaporizes 7? percent, and 
charged to the deethanizer at approximately 
215° F. 

3ottoms from the deethanizer, principally 
butanes and propanes, are charged to the de- 
propanizer (33-Table 1). The deethanizer 
tower is 2.5 x 52.6 feet and has 30 trays with 
18 bubble caps per tray. Ethane is removed 
in the overhead from the deethanizer, which 
is condensed and passed to the reflux accumu- 
lator at 475 psig and 90° F. The ethane is 
vented to the low-pressure pipe line from the 
accumulator at a rate of 172,500 cubic feet 
per hour and gallons per minute of liquid 
is pumped back as reflux. 

Propane vapor is taken overhead from the 
2.5 x 68.6-foot depropanizer, which has 40 trays 

18 bubble caps per tray, at a rate of 88,500 
cubic feet per hour at 122° F. The vapors are 
condensed and collected in the reflux accumu- 
lator drum at 230 psig and 117° F. Liquid pro- 
pane, 40.4 gallons per minute, from the accn- 
mulator drum, 31.6 gallons per minute pumped 
back to the tower as reflux, and the remainder, 
9.8 gallons per minute, is pumped through a 
cooler to storage. 

Butanes from the bottom of the depropanizer are 
charged to the deisobutanizer (35-Table 1) at 240 
psig and 215° F. for separation into isobutane and 
butane. The isobutane is taken overhead at the rate 
of 144,000 cubic feet per hour Boge a condenser 
to the reflux accumulator at 125° F. and 90 psig. The 
77.5 gallons per minute of liquid isobutane from the 
accumulator i is split in two streams, 7.17 gallons per 
minute being returned as reflux to the tower and 
5.8 gallons per minute pumped through a cooler to 
storage. Normal butane, bottom product of the tower, 
is taken from the reboiler at 100 psig and 150° F. 
at a rate of 8.4 gallons per minute, cooled and sent 
to storage. The tower is 3.5 feet in diameter and 100 
feet in height. Each of the 60 trays have 37 bubble 


Caps. 
Dehydration Unit 


There are four dehydration towers in the dehy- 
drating unit, 5 feet in diameter and 50 feet in height. 
Each tower contains three separate beds of desiccant 
of equal size. The total capacity of the unit is 100,- 
000,000 standard cubic feet per day with two towers 
operated in parallel on stream and the remaining two 
operated in parallel on the regeneration stream, Ac- 
tivated bauxite containing 60 to 70 percent Al,O, is 
used as desiccant = has a useful life expectancy of 
more than two years. Pressure drop through the 
beds is about 8 ins per square inch. The towers 
are designed with ample space between beds with 
access openings in the tower for replacement of desic- 
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cant, and for redistribution of the gas stream to pre- 
vent channeling. 

Gas from the absorber outlet scrubber is saturated 
with water vapor at the scrubbér temperature of 90° 
F., after being in contact with condensate and water, 
and has a water dewpoint of 90° F. From the scrub- 
ber, the gas flows into the top of the two towers on 
dehydration stream and the water vapor is adsorbed 
in the desiccant. Dewpoint of the gas is lowered to 
less than 30° F. by the dehydrators. The dehydrated 
gas stream flows directly into the 24-inch transmis- 
sion line from the Carthage field to Sterlington, 142 
miles distant. The line operates on the discharge pres- 
sure of the dehydrators of about 1000 psig. 

Each pair of towers are on the dehydration stream 
for a 20-hour period and on the regeneration cycle 
for 12 hours. The regeneration cycle begins without 
depressuring the system, A part of the main gas 
stream ahead of the dehydration unit (about 15 per- 
cent) is heated in a tubular heater to 375° F. by 250 
psig steam. Flowing from bottom to top in the towers, 
the hot gas gradually raises the temperature of the 
beds to release the adsorbed water. 

At the higher temperature, the regenerating gas 
has a high saturation capacity and flows from the 
towers to the gas cooler, where the water is con- 
densed and drawn off the bottom of the separator. 
This gas then may be returned to the main gas 
stream entering the towers for dehydration, or to 
the dry gas stream to the pipe line, depending on 
the dewpoint that is required of the gas to the pipe 
line. 

In regenerating the beds, the time required de- 
pends on the volume of regenerating gas and its tem- 
perature. The temperature at the top of the bed is 
used as the control point and when it 
reaches 325 to 350° F. regeneration is com- 
pleted, the heater is by-passed and cool 
gas passed through the beds until they re- 
turn to normal temperature. 

The regenerating gas flowing upward 
through the beds removes traces of ab- 
sorption oil deposited by the gas on the 
downflow dehydrating cycle. Downflow of 
the large volumes of gas during dehydra- 
tion creates less disturbance of the bed 
due to pressure drop, because the desiccant 
particles have a reduced tendency to be 
shifted by the downward pressure of the 
gas. As a result, the particles do not grind 
against each other and are not entrained 
in the gas stream leaving the towers. 


Major Equipment 

The plant requires 47,115 pounds per 
hour of 250-psig dry saturated steam, 9,255 
pounds per hour of 100-psig steam, and 
11,895 pounds per hour of 25-pound steam, 
which is supplied from a steam plant of 
two water-tube boilers, either of which is 
capable of delivering the required steam 
while the other serves as an auxiliary. 
Each boiler requires 55,700 standard cubic 
leet per hour of fuel gas and delivers steam 
at 406° F. Total effective heating surface 
is 5,278 square feet, water-cooled boiler 


One of two outside control panels for controlling instru- 
ments in the plant. Connecting lines are carried in vertical 
banks rather than horizontal layers to simplify installation 
and maintenance. Note orifice connection at uppper right. 





surface is 204 square feet, heat consumption is 95,000 
Btu per square foot per hour, furnace heat release is 
28,600 Btu per square foot and overall efficiency is 
77.5 percent. Each boiler has 6 burners. 

Steam turbines driving centrifugal pumps operate 
on 250-psig steam. The high-pressure lean oil pump 
turbines exhaust at a vacuum of 27 inches Hg, and 
the exhaust steam returned to the boilers. The tur- 
bines for the rich-oil pumps operate with 100 psig 
back pressure with the exhaust. steam used for the 
greater portion of the reciprocating pumps, reboilers, 
and process steam. Turbines for the hot-lean-oil and 
cooling-water pumps operate at 25 psig back pres- 
sure and the exhaust steam is used for steam-heated 
tubular heat exchangers and process steam. 

Other pumps in the plant operate at about 5 psig 
back pressure with a portion of this exhaust going 
to jacket heaters on the inlet gas header to the ab- 
sorbers when required; otherwise it is exhausted to 
atmosphere. The condensate from the 250-psig and 
100-psig steam-heated exchangers is returned to the 
boilers and the excess 25-psig steam returned to 
the deaerating heater. 

The cooling tower for the plant is an induced draft 
type with a coil shed for atmospheric cooling’ and 
condensing sections. Water is cooled from 98 to 80° 
F. with a wet-bulb temperature of 74° F. The makeup 
water is supplied from two wells on the property 
pumped by 200-gallons-per-minute motor-driven 
pumps. 

The structure is 144 feet long, 30.5 feet wide and 
10.75 feet high. It accommodates 18-6 x 24 foot bays of 
atmospheric sections with the coil shed 11 feet high, 
24 feet wide, and 144 feet long. There are six cells in 
line, each 30.5 x 24 feet. Each cell has a four-bladed 


































































































PTERCOOLERS 
AFTERCOOLE 


DEHYDRATORS 









DEHYDRAT 
Er! E 





TO HPPIPELING 







INSTRUMENT GAS SUPPLY 








Flow diagram of the plant dehydration unit. The four columns have a capacity of 100 million cubic feet 
daily of gas. When two are on stream the remaining two are being regenerated. 


fan driven at 200 revolutions per minute by a 440- 
volt explosion-proof electric motor rated at 25 horse- 


power, 


Maximum capacity to the atmospheric sections is 
4,300 gallons per minute and to the plant 2,700, a 
total of 7000 gallons per minute. Two pumps supply 


circulation; one pumping 
cold water through shell- 
and-tube units and over the 
cooling tower, and the other 
circulating warm water from 
atmospheric sections over 
the tower. Cooled water in 
the tower is collected at the 
base of the cooling section 
and flows through a trough 
from which the requirements 
of the atmospheric sections 
flow through distributing 
pipes to spray heads under 
manual control. After pass- 
ing over the atmospheric 
sections the water flows into 
the warm section of the cool- 
ing-tower basin. From the 
basin, the warm and cold 
water enter the cooling- 
tower pump pit, which is 
divided into warm and cold 
sections from which the cir- 
culating pumps take suction. 

The boilers, direct-fired oil 
heaters, and the recom- 
pressor gas-engine drive ob- 
tain their fuel gas from the 
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reabsorber residue and a portion of the vent gases 
from the intermediate-pressure condensate and rich- 


oil flash drums. The gas has an average heating value 





The two columns in the left foreground are the absorbers, 
behind them are the dehydrator columns. Reabsorber and 
fractionating columns are on the right. 





of about 1220 Btu per standard cubic foot and a 
specific gravity of 0.759. Of the total hourly con- 
sumption of fuel gas, 88,505 standard cubic feet, the 
reabsorber supplies 70 percent. 


Electric power for the 
plant is supplied by the local 
power company and is used 
for lighting and miscellane- 
ous services. Total require- 
ment is 425 KVA. 
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ing the physical composition of the catalytic mass. 
The new design, developed by engineers of 
Houdry Process Corporation and Sun Oil Company, 
is adaptable to all standard Houdry reactors and its 
advantages have been fully demonstrated by a year’s 
operating experience with a 12-case cracking plant at 
Sun Oil Company’s Toledo, Ohio, refinery. A similar 
12-case, 20,000-barrel plant at the company’s Marcus 
Hook, Pennsylvania, refinery, has also been equipped 
with tubes of the new design. In addition, Sun Oil 
Company recently has completed conversion of a 
third 12-case plant with tubes containing further im- 
provements over those installed in the first two units. 


Cost of Changing Catalyst Sharply Cut 


The cost normally involved in changing catalyst— 
an item of importance in the operation of Houdry 
fixed-bed plants—has been markedly reduced by the 


With the new design, increased production of 
gasoline results from higher on-stream efficiencies 
coupled with more even distribution of oil vapor and 
regeneration air through the catalyst and the pres- 
ence of a greater supply of heat within the catalytic 
mass for the cracking reaction. The increased heat 
supply is provided by a granular chemically-inert 
material mixed with the catalyst, which has the 
effect of augmenting the heat capacity of the cata- 
lytic mass, as well as other advantages which are 
described in greater detail in this article. 


Conversion of Reactors Is Simple 


All distributing orifices and shields under the new 
design are contained on tubes which are easily re- 
movable from the top of the reactor for inspection 
when changing catalyst. Thus complete cleaning of 
all distributing elements is possible at no loss of 
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Flow diagram of Houdry Catalytic Cracking Unit. 


time on every catalyst change, resulting in improved 
distribution of air and hydrocarbon vapors. Existing 
Houdry reactors can be converted to the new type 
simply by changing tubes, jacket liner and top tube 
sheet. Since these items ordinarily have to be re- 
newed after five or six years’ operation, no additional 
expenditure is involved beyond the normal cost of 
replacement by making the conversion at this time. 
Since the new tube design results in an increased 
volume of catalyst. space, the addition of inert ma- 
terial does not change the active catalyst capacity. 


Practice in Changing Catalyst 


In Sun Oil Company’s operations with the previous 
design of reactors, catalyst life when producing 
motor gasoline has averaged about 18 months. Start- 
ing with a new plant, the usual practice when making 
the first catalyst change has been to “shake” out the 
catalyst. This is accomplished by removing the top 
head, top catalyst tube sheet and the regeneration 
tubes which can be unscrewed from the top. Vibra- 
tors are then placed on the cooling and collector 
tubes which remain in place, and the catalyst falls 
out of the bottom of the reactor through the holes 
provided by removal of the regeneration tubes. 
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FIGURE 2 


Vertical cross section of Houdry catalytic 
case (schematic). 







About 18 months later, when the second catalyst 
change is made, all of the tubes are removed from 
the cases for cleaning and repair. This work consists 
mostly of removing small particles of catalyst, iron 
oxide, etc., which accumulate between distributing 
tubes and orifice-protecting shields during operation. 
straightening out tubes and repairing threaded parts 
which may have been impaired during dismantling. 


When making catalyst changes it is general prac- 
tice to shutdown half of the reactors in a unit and, by 
changing full throughput through the remaining 
half, the overall gasoline production during the cata- 
lyst change period is about 75 percent of normal. The 
shutdown time for one set of six reactors of the 
previous design for the first catalyst change has 
averaged 20 days with a minimum labor requirement 
of 4000 man-hours per case. The second catalyst 
change, when all of the tubes are removed, usually 
has required a shutdown time of 6 to 7 weeks, during 
which 12,000 man-hours are required per case. A 
few months ago, by efficient scheduling of all opera- 
tions, this job was done on a six-case plant of the 
previous design in 29 days from off-stream to on- 
stream. 


Shutdown Time Materially Reduced 

Catalyst changes, whether it be the first, second 
or any subsequent change, with the new type of tube 
require only 7 to 10 days from stream to stream and 
1200 to 1500 man-hours per case. Inasmuch as all of 
the tubes which contain distributing orifices are 
easily removable from the top of the reactors, dis- 
tribution of oil vapors and air through the catalytic 
mass can be maintained almost perfectly without the 
necessity of removing any of the salt tubes. An im- 
proved design has been made for the periphery of the 
reactors to eliminate any tendency for undue heating 
of the liner, border tubes or the shell of the reactors. 

As will be seen in the following descriptive section, 
the interlocking features of the fins have been elimi- 
nated to facilitate removal of catalyst and the new 
fins are extremely sturdy and heavily welded to the 
cooling tubes. Due to the heavy section of the fins, 








FIGURE 2-A 
Typical tube pattern, Houdry catalytic case. 
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FIGURE 3 
Catalytic gasoline and butane yield, Plant 11-4, December 1943-44, 
inclusive. 


the additional welding and the reduced surface, the 
metal temperatures 2re considerably reduced. The 
change in design, as shown by results currently ob- 
tained in Sun Oil Company’s operations, has resulted 
in increased production of gasoline through mainte- 
nance of the distributing elements in better condition 
and higher on-stream efficiencies. 


Design Factors of Houdry Reactors 


The fixed-bed principle, as utilized in the Houdry 
process, is familiar to the oil industry and has been 
described at length. 

Briefly, reactors are usually arranged in groups of 
three, oil vapors being circulated through one of the 
reactors, while air is passed through another to burn 
off the coke deposited on the catalyst by a former on- 
stream period. The third reactor, at the same time, 
undergoes the processes of oil purge, air purge and 
valve changing. 

Necessary piping and motor-operated valves insure 
the continuity of oil and air flow through the system. 
The valves are operated by an automatic cycle timer 
and proper electric interlocks preclude mixing of 
streams. 

A molten salt circulated through all reactors re- 
moves the excess heat of combustion of the coke and 
controls the general temperature level. 

Figure 1 shows a simplified flow diagram of a 
typical Houdry Fixed-Bed Unit. 
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Typical temperature pattern, conventional design. 
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Reactor Design 


The design of the fixed bed reactors is governed 
by the following factors: 

1. Rate of heat removal of the order of 10,000 Btu per 
hour per cubic foot of catalyst space. 

2. Temperature control during the cracking period. 

3. Limitation of maximum temperature, during regenera- 
tion period, below values detrimental to catalyst life. 

; Catalyst bed depth and accurate distribution of vapors 
and alr. 

5. Mechanical considerations of assembly, thermal expan- 
sion, catalyst loading and unloading, etc. 

Figures 2 and 2A show the general arrangement in 
vertical and horizontal sections of a type of reactor 
widely used. 

Several years of commercial operation have shown 
that insofar as temperature control, yields and cata- 
lyst life are concerned, the design has been satisfac- 
tory. Results predicted in laboratory evaluations 
have been maintained over long periods of time as 
illustrated by Figure 3 which shows a typical plant- 
performance diagram over.a period of 12 months. 

In this plant a heavy distillate obtained mostly 
from East Texas crude was processed for the pro- 
duction of debutanized gasoline and B-B cut. The 
reactor change is a high-boiling tar separator over- 
head of the following characteristics : 


Init. 430° F. 30% 675 90% 875 
5% 525 50 730 95 915 
10% 575 70 785 EP 1000+ 


Figure 4A shows a typical temperature pattern 
obtained during a complete cycle in a laboratory pilot 
unit similar in tubular arrangement to conventional 
commercial reactors, and where accurate tempera- 
ture measurements are taken. The chart shows that 
the rate of combustion is rapid as indicated by the 
fast increase of temperature during regeneration and 
that the progression of combustion through the bed 
occurs in a fairly narrow zone as the maximum tem- 
peratures are attained at the end of the bed after 
combustion is complete at the front. It also shows 
temperatures attained at the top of the fins having 
the design shown in Figure 2A. 

On Figure 4B are plotted the rate of heat liberation 
as measured by the analysis of the regeneration flue 
gas and the rate of heat absorption as measured by 
the temperature differential between catalyst and 
cooling medium. At their point of intersection the 
area between the two curves represents the total 
heat absorbed by the catalyst and the finned ele- 
ments. This heat is released subsequently during the 
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FIGURE 5 
Longitudinal section, modified design. 





air purge and the on-stream period by the salt and 
also the heat of reaction. 

The analysis of heat transfer in the conventional 
reactor and the study of the difficulties encountered 
in maintenance and changing of catalyst have re- 
sulted in the development of a new simplified design 
of the following characteristics: 

el. Cooling surface substantially decreased and interlocking 
of fins eliminated to insure free flow of catalyst. See Figure 
5. As seen by the temperatures indicated in the diagram, the 
peak and average temperatures of the fins are lower than for- 
merly, thus the rate of oxidation is materially reduced. 

2. Heat capacity of catalyst increased by mixing the pellets 
with a granular, chemically inert, cheap material of high vol- 
umetric heat capacity, which is easily recoverable during 
catalyst changes. The effect of this chemically inert material 
is to limit the temperature rise of catalyst during regenera- 
tion and the temperature fall during on-stream periods. 

3. All tubular elements conveying air and oil vapors to 
and from the catalyst space easily removable, being assem- 
bled by a threaded joint in the lower tube sheet. In the for- 
mer design the air outlet tubes were welded to their respec- 
tive salt tubes (D.T.) and hence their inspection and clean- 
ing necessitated dismantling the reactors, including the rolled 
and welded joint of the salt tubes. 

Figure 5 shows the general arrangement of the new 
design as used in one of the Sun Oil Company units 
which has been in operation for the past year. 

Figures 6A and 6B show the plot of temperatures 
during the cycle and the respective rate of heat re- 
lease and heat absorption. 
































FIGURE 5-A 
Typical tube pattern, modified design. 


By comparison with the similar plots of Figure 4A 
and 4B, the following conclusions may be drawn: 


1. The overall rate of heat transfer being decreased, the 
differential temperature between catalyst and salt is higher 
during the on-stream period. This factor is corrected by ad- 
justment of the other operating variables such as salt temper- 
ature and on-streain pressures. 

2. At the same carbon burn-off, the temperature differ- 
ential during the regeneration period is lower, due to the in- 
creased heat capacity of the system. 

3. The effect of the variation of heat transfer and heat 
capacity is shown by the large increase in heat absorbed in 
the catalyst during the regeneration period. 


The experience of the first year of operation has led 
to certain additional improvements which are now in- 
corporated in the latest units built, as follows: 


1. Addition of fins on one half of the K.T. tubes (shown 
in dotted lines on Figure 5A) resulting in an increase of 
coke-burning capacity, all of the advantages of the design 
remaining. 

2. Replacement of the packing insuring tightness of the 
top tube sheet against the tubular elements carrying oil and 
air to and from the top of the cases to the catalyst space 
by a stainless steel bushing providing enough clearance for 
passage of part of the air and vapors. Adjustment of orifice 
sizes governing the flow through the upper bed is made to 
insure proper distribution. With this scheme, the time of 
removing packing, as well as cost of replacement are elim- 
inated. 
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The Design and Operating Features of Houdry Fixed-Bed Catalytic 
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Typical temperature pattern, modified design. 
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Heat liberated and absorbed during cycle, modified design. 
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©. L. GARRETSON and HARRY R. ZEIGLER, Chemical Engineering Department 
Phillips Petroleum Company, Bartlesville, Oklahoma 


ame introduction and practically exclusive use of 
fusion-welded tanks for liquefied petroleum gas has 
made possible certain improvements in design of piers 
for horizontal pressure vessels. 

The steel in pressure vessels is subjected to twice 
as much hoop stress as longitudinal stress. This 
makes possible the use of comparatively light girth 
seams in riveted vessels, but fusion-welded seams 
are of the same strength regardless of direction. Due 
to this fact girth seams of riveted tanks cannot have 
additional stresses imposed on them, and it has there- 
fore been necessary to provide a separate support 
for each ring. Each pier presents a problem in pre- 
vention of rust or corrosion as well as in general 
neatness, such as grass and weeds trimming and cut- 
ting. It is also a fact that building piers so that they 
carry their full portion of the load is difficult and 
seldom accomplished. When the principal load is car- 
ried by the central pier or piers the tank has a 
tendency to go out of round. 

In the case of fusion-welded tanks it is possible to 
use two piers, a very desirable arrangement for 
reasons mentioned above, and this in turn makes im- 
proved pier designs possible. 

It has been shown* that horizontal tanks if held 
round at the supports will stay round between sup- 
ports under all conditions of loading, practically no 
circumferential bending stresses are set up and longi- 
tudinal bending stresses can be computed by ordinary 
beam formulas. 

Some forward-looking companies were quick to 
take advantage of the benefits to be gained by sup- 


* Design of Large Pipe Lines by Herman Scherer: Transactions of 
the American Society of Civil Engineers, September, 1931. 
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porting propane and butane tanks as beams, limiting 
the supports to two piers and locating the piers as 
close to the tank heads as possible in order to prevent 
deformation of the tank shell. 

In addition to the reduction of maintenance costs, 
this change resulted in reduction of first costs. A 
typical case, that of a 30,000-gallon propane tank, 
showed an apparent saving of two thirds in dirt 
excavated, three fifths in the amount of concrete re- 
quired, and three fourths in surface area of forms 
which had to be built. Savings such as the above are 
based on conventional design of old style piers with 
extremely low soil bearing pressures with the usual 
spread footings, but even if the spread footings are 
eliminated on piers of conventional design the two- 
pier method will still show important savings. 


In order to conform to safety standards set up by ° 


the National Board of Fire Underwriters the capacity 
of propane and butane tanks must not exceed 30,000 
gallons. Practical consideration such as economy of 
design, maximum length or diameter which can be 
shipped, etc., control the proportions of these tanks. 
Ordinarily the length-diameter ratio of an 80-pound- 
working-pressure butane tank will not exceed 5 to 1 
and for a 200-pound-working-pressure propane tank 
this seldom exceeds 9 to 1. For tanks which do not 
have greater length-diameter ratios than these the 
unsupported length between two piers located near 
heads will:not cause excessive stresses. 

An adaptation of the two-pier support method is to 
place piers at the quarter points of the tank, thus 
causing the tank to overhang at each end. This is not 
desirable as the tank heads are not in the proper loca- 
tion to maintain the roundness of the tank. 

The safe distance between supports for a tank sup- 
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ported near its extremities can be determined from 
the flexure formula for a simple beam, 


mM = Wwe 


where M is the bending moment 
w is the load per lineal inch 
1 is the unsupported length in inches 
Since the desired length will be in feet this formula 


can be written 
M= 


where L is the unsupported length in feet 
Also M = fS where f.is the extreme fiber stress and S is 
the section modulus 
S = 3.1416 r’*t (for a thin walled cylinder) where r is 
the inside radius and t is the thickness. 


144 wL’ 
x 


Then 


r 


14 wh" — 3.1416 fr't or L= 2 x af 8X3.1416 ft 
8 12 


w 


For practical purposes this can be written 


— 
_= or x | _it 
12 \ w 


Values of r, t and w are given in Tables 1 and 2 

Due to allowance for joint efficiency and thickness 
of metal, joints of ASME-U69 tanks can be stressed 
to 8752 psi in the case of 55,000 steel and 11,080 psi 
for 70,000 steel. Since only half of this allowable stress 
is imposed on the girth seams by the internal pres- 
sure, the remaining half is available for resistance to 
bending. Thus the value of “f” for a 55,000-pound 
steel tank is 4386 psi, and for a 70,000-pound steel 
tank it is 5540 psi. By substituting these “f’” values 
and the values in Tables 1 and 2 in the formula 


| 


\ 


or ft 

2 Ww 

the limiting unsupported tank lengths can be found. 
These lengths are shown in Table 3. In calculating 
the unit weights in Tables 1 and 2 the tanks were 
assumed to be full of water instead of containing 42 
percent of the water weight in the case of propane or 
50 percent of the water weight in the case of butane. 
This represents the condition during a hydrostatic 
test and it is therefore obvious that the lengths in 
Table 3 are conservative for these tanks when operat- 
ing conditions prevail. 

Table 4 shows the relative diameter and length for 
tanks of various capacities. The lengths in this table 
are the tangent lengths. The lengths in the table are 
for tanks with elliptical heads and if flanged and 
dished heads are used the tangent lengths will be 
- slightly greater. 

Figure 1 shows graphically the relation between 
Tables 3 and 4. A glance at this figure is enough to 
show that propane and butane tanks of good propor- 
tions can be safely supported on two piers. 

The height of tanks above ground will depend on 
the purpose of the installation, and the ground con- 
ditions. When the bottom outlet of a tank is used, the 
tank should be high enough to make the shut-off 
valve readily accessible. When this outlet is con- 
nected to the suction side of a pump the tank should 
be high enough to provide a good static head on the 
pump. For most other operations it is satisfactory to 
have the tank close to the ground. 

In the case of low piers it is not necessary to use 
vertical reinforcing but in the case of piers 18 inches 
or more above ground line some vertical reinforcing 
should be used. This does not have to be “designed” 
but a small amount of “random” reinforcing will 
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serve. The change in length of a tank 60 feet long 
due to 100 degrees difference in temperature will be 
approximately one-half inch. This change in length 
will ordinarily be due to a change from summer to 
winter or winter to summer conditions and therefore 
will occur very slowly. For this reason it will prob- 
ably not exert very much thrust, but vertical reinforc- 
ing in taller piers will be valuable in preventing dam- 
age due to this change in length. 

The lengths of piers should be equal to or more 
than the outside diameter of the tank which is placed 
upon it. The footing will be the same length as the 
pier and will have to be spread sufficiently to trans- 
fer the load to the soil in accordance with local con- 
ditions. The soil load should be based on the com- 
bined weight of the tank, its full content of water and 
the weight of the concrete. Unless the soil is known 
to have a very low bearing capacity it can be assumed 


TABLE 1 
Thickness of Steel and Unit Weight for Butane Tanks 
80 psi working pressure, 55,000 psi Ultimate Strength 
Steel, Par. U 69, ASME Code. 





Weight. Lbs. per Lineal Inch 


Radius annie 
Steel Water Total 


Inches 


| Thickness 


Inside Diameter, Inches Inches 





| 
| 
| 226 ¢ 64 73 
274 102 116 
329 ‘ 146 167 
384 ¢ 200 229 
438 : 260 | 298 
. .494 330 | 378 
*120 j 548 | 


48 


* Practical shipping limitation. 
TABLE 2 


Thickness of Steel and Unit Weight for Propane Tanks 
200 psi working pressure, 70,000 psi Ultimate Strength 
Steel, Par. U 69, ASME Code 


Weight Lbs. per Lineal Inch 


Radius Thickness 


Inside Diameter, Inches Inches Inches Steel Water | Total 


48 24 -433 19 64 
60 30 542 102 
72.. 36 .650 y 147 
84 42 -758 57 200 
96 48 .868 ‘ 260 
108 54 975 ¢ 330 





t Practical Gide limitation is 1 inch. 
TABLE 3 
Safe Unsupported Lengths of Fusion Welded 
Tanks Par. U 69, ASME Code 


Length Between Supports, Feet 


Inside Diameter, Inches Butane Tanks | Propane Tanks 





to 


36.1 
40.4 
43.9 
47.5 
50.6 
53.8 
56.8 


Koo 
bo 1 G10 = 


So 


, SAIS 


TABLE 4 


Tangent Length in Feet for Tanks of Various 
Diameters and Capacities 


Gross Capacities of Tanks, Gallons 
Inside 


Diameter, 
Inches 


| 30,000 | 25,000 | 20,000 | 15,000 | 10,000 | 5,000 
Gallons | Gals./LF 7 | etecR Batty te Maer 
| 2 Heads | in Shell 





126 94 
244 147 

424 | 212 

676 | 289 
1000 | 376 | 
1428 | 475 | 
1958 590 | 48 

| 


t Denotes lengths of butane tanks unsuitable for support by two pier method. These 
lengths are not exclusive for propane tanks. 
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capable of supporting 3000 pounds per square foot 
and the spread of the footing can be calculated ac- 
cordingly. The thickness of this footing should be 
made sufficient to withstand shear unless a very thin 
section is desired, in which case it must be reinforced. 
The conservative allowable shearing stress for con- 
crete is 100 pounds per square inch. One pier for a 


should be bonded together in the usual manner by 
means of steel dowels or strong pieces of stone. 
Frequently piers split just under the center line of 
the tank. In some cases the split appears to be widest 
at the top of the pier and in other cases it appears to 
be widest at the ground line. Failure of this kind sel- 
dom causes anything more serious than an unsightly 
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FIGURE 1 
Pier spacing and tangent lengths for tanks of various capacities and diameters. 
(ASME Par. U69. Construction with Elliptical Heads) 


30,000-gallon propane tank, 106 inches ID, 60% feet 
long will carry 21 tons of steel and 62% tons of water 
or approximately 85 tons total. The footing will be in 
double’shear and the thickness will be 


85 x 2000 
100 X 108 X 2. 

from which we find the required thickness will be 
about 8 inches. Ordinarily these footings are made 12 
inches thick for small tanks as a minimum and for 
large tanks this is usually 15 inches thick and it is 
therefore evident that reinforcing against shear is 
unnecessary in most cases. However, a few “random” 
reinforcing rods are recommended. 

The vertical portion of the pier and the footing 
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condition. However, there are means of preventing 
it and they should be used. One means is to provide 
for a resilient cushion between the tank and the pier. 
This can be made of three-quarter-inch expansion- 
joint material such as is commonly used in paving 
work and this serves the further purpose of retarding 
rusting and corrosion of the tank to a very great ex- 
tent. To provide for expansion-joint material the 
shape of the tank saddle should be constructed to a 
radius three-quarters inch greater than the outside 
radius of the tank itself. 

Further and most positive insurance against split- 
ting of the pier will be by means of random reinforé- 
ing placed horizontally near the top and near the 
bottom of the vertical section of the pier. 
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Mississippi River Clarification Plant Provides 


Large Volume ot Clear Water at High Rate ot How 


GILBERT F. MOORE, Power Supervisor 
Ethyl Corporation, Baton Rouge, Louisiana 


\\ ATER clarification by sedimentation and coagu- 
lation involves processes familiar to many engineers ; 
however, usual sedimentation basins are remembered 
as extremely large structures requiring long reten- 
tion time for the water to clarify and with effluent 
water usually requiring further filtration. 

The consolidation of the coagulation, sedimentation 
and filtering procedures in one operation by means of 
specially designed units to obtain 
clear water in large quantities at 
high rates of flow is a relatively 
recent development. Such an in- 
stallation designed to handle 20,- 
000 gallons per minute was made 
at the Baton Rouge, Louisiana, 
plant of Ethyl Corporation. 

This plant, manufacturing 
Ethyl Fluid, is located in the cen- 
ter of a rapidly growing chemical 
and petroleum-refining industrial 
section. As in most chemical and 
refining industries, large quanti- 
ties of cooling water are required 
in process heat exchangers. When 
the plant was first built in 1937, 
all make-up water for this pur- 
pose was obtained from wells 
drilled and screened at depths 
varying from 225 feet to 2000 feet. 
With the expansion of the indus- 
trial area, increasing withdrawal 
from the underground water sup- 
ply resulted in lower pumping 
levels until in 1944 it was neces- 
sary to develop a new source of 
supply independent of the ground 
water, and it was decided to use water from the 
Mississippi River, which flows adjacent to the plant, 
to supplement the wells. 

As a result of studies instituted at that time, a 
modern water-clarification plant was installed to 
remove the mud from the river water brought into 
the plant. An idea of the amount of mud removed 
may be realized when it is considered that the turbid- 
ity of the raw river water, expressed as parts per 
million of silica which would give equal capacity to 
distilled water, averages between 300 and 1000 parts 
per million, while the water after clarification has 
an average turbidity of 2 parts per million. This rep- 
resents a daily removal at maximum capacity of 700 
tons of mud. This turbidity removal is accomplished 
very rapidly. The total water storage capacity of the 
precipitator basins is only approximately 1,500,000 
gallons, which, at maximum flow rates of 20,000 
gallons per minute, allows a retention time of only 
8) minutes. 


134 {460} 


Clarification of water by sedimentation alone has 
definite limits which are set by the particle sizes to 
be removed and is limited roughly to the elimination 
of sands and silt. Particles in the size range imme- 
diately below that of sands and silt require imprac- 
tically long settling times while those in the colloid 
range cannot be removed at all by sedimentation due 
to the electrostatic charge on their surface, which, 


Four precipitator basins in the Baton Rouge water clarification plant each handle 5000 g.p.m. 


being the same on all particles, prevent settling by 
the repelling effect of one particle on the other. 

Coagulation, the process of agglomerating the fine 
particles, is accomplished by adding a chemical which 
in solution furnishes electrical charges of opposite 
polarity to neutralize the charges on the colloids and 
permit them to come together. Also the coagulants 
form a floc or gel precipitate, enmeshing the finer 
particles into large groups which can settle out in a 
practical length of time because of thier greater mass. 

In the permutite precipitator the above processes 
are combined but the floc is not permitted to settle. 
Instead, by mechanical agitation and hydraulic flow 
it is kept in suspension until it forms a sludge blanket 
through which all further water must be filtered, thus 
resulting in the removal of not only practically all of 
the turbidity but also the small amount of very fine 
floc. The effluent water is crystal clear. 

The process, as installed, may be followed by the 
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included flow sheet. The river water and chemical 
solutions are mixed in a rapidly agitated flash mixing 
chamber, then, led by flumes and sluice gates to four 
parallel horizontal-type precipitator basins, each hav- 
ing a capacity of 5000 gallons per minute, The treated 
water in which the floc is beginning to form flows 
downward into the mixing zone where the slow- 
rolling agitation by the paddle agitator allows the 
new floc to agglomerate or grow with the floc already 
present. From the mixing chamber, the water passes 
out into the filter zone where, due to the gradually 
increasing cross-sectional area, the velocity of the 
water gradually decreases. As the water slows down, 


the floc particles finally become too heavy for the 
decreased velocity of the water to support them, and 
they .remain suspended to form a sludge blanket 
through which following particles are filtered. The 
top level of this blanket is dependent upon the rate of 
flow of the water and is sharply defined with clear 
water above it, and heavy sludge below it. As the 
sludge particles become larger and heavier, they 
settle down against the flow of water into the mixing 
zone to furnish nuclei for the new floc to form with. 
As a consequence, there is a continuous flow of sus- 
pended particles out of the mixing zone into the filter 
zone and counterflow back. This results in maintain- 
ing approximately the samé concen- 
tration of sludge throughout the fil- 
tering and mixing zones and obtains 
maximum contact of the active 
sludge with the water, resulting in 
reduced quantities of coagulant 
chemicals required. 

In order to draw off the excess 
sludge with as little waste of water 
as possible, a sludge concentrator is 
formed at the bottom of the vee, 
where collecting blow-off pipes are 
installed. 

Automatic operation of the 


This photograph is a general view of Ethyl 
Corporation’s plant for clarification of Missis- 
sippi River water at Baton Rouge, Louisiana, 
with chemical handling equipment in the fore- 
ground. Below is a flow diagram of the plant. 
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sludge removal is obtained by locating a swing sample 
pipe in the area of the top of the sludge blanket so that a 
water sample passes continuously before a photocell con- 
trols the automatic blow-off valve. As the sludge level 
rises in the basin, the sample water darkens and the pho- 
tocell relay opens the sludge line blow-off valve for a 
predetermined interval. To prevent too rapid operation 
of the blow-off valve, a time-delay switch is inter- 
posed in the circuit to allow a short time for settling 
of the blanket before a repeated blow-off. 

Because of the large area of the top of the sludge 
blanket, varying flow rates cause very little changes 
in the level of the sludge blanket and fairly rapid 
changes in flow can be absorbed without breaking up 
or losing the floating filter blanket, Individual pre- 
cipitator basins have been run at flows ranging from 
1000 to 6000 gallons per minute with approximately 
constant results. 

The clear water leaving the sludge blanket is col- 
lected in lateral troughs from which it passes to the 
two central flumes and is discharged into a clear-well 
reservoir common to all four parallel basins. From 
this reservoir, the water is pumped into the plant 
water-distribution system. 

The coagulant used in the water clarifitation is a 
water-soluble ferric sulfate. The average dosage 
varies between 30 and 40 parts per million. 

The pH of the dosed water is maintained between 
8.5 and 9.0 by the addition of lime to obtain the best 
range for coagulation. The average dosage of lime 
varies between 20 and 40 parts per million. 


Chemical Dosage 


Control of the coagulant dosage is maintained pri- 
marily by close control of the pH of the treated 
water leaving the flash mixing chamber which is 
continuously indicated and recorded by means of a 
calomel electrode cell pH recorder. 

Both the coagulant and lime are fed by dry feeders 
into dissolving tanks and put into solution before 
being added to the raw water. The coagulant feeder 
is of the oscillating-tray type with the amount of 
feed determined by changing the amplitude of the 
stroke of the feed tray. The lime feeder is a vibrating 
type and the feed rate is determined by changing the 
rate of movement of a counterpoise on a balanced 
scale supporting the feed bin. All raw water is pre- 
chlorinated to a chlorine residual of approximately 
1.0 part per million in order to prevent algae growth 
in the precipitator basins and plant pipe lines. 

Corrosion and scale formation throughout the plant 
water piping system is controlled by the addition of 
sodium hexameta phosphate, to the extent of 2 parts 
per million. This inhibitor is added by means of a 
wet solution feeder to the clarified water as it is 
pumped from the plant. 


Automatic Operation 


Nearly full automatic operation of the plant is ob- 
tained by the use of the above equipment for con- 
trolling the sludge removal and by having the feed 
rates, once established, controlled by a flow con- 
troller in the raw-water-inlet line. These automatic 
controls function as follows: 

The flow of water as required from the plant, to- 
gether with a level control in the clear-well reservoir, 
control the position of the inlet raw-water valve to 
maintain the inlet water at the same rate as the dis- 
charge and keep full levels in the reservoir, thus 
making up for the loss of water through sludge removal. 
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The inlet-water flow integrator energizes the motor 
drive on the coagulant oscillating feed tray and the 
motor drive on the movable counterpoise on the lime 
feeder in proportion to the rate of flow, so that once 
the feed rate in parts per million is set on the feeders 
it is maintained independent of the quantity of water 
required. ‘ 

In a similar manner, the sodium phosphate feeder 
motor is actuated by the integrators on the discharge 
water line flow meters to control the addition of the 
inhibitor to the clarified water. 


Few Adjustments Required 


By the use of these automatic controls, operating 
labor required is kept at a minimum. The plant oper- 
ates on a 24-hour, 7-day basis with one operator re- 
quired on the day shifts to fill all feed bins and make 
routine adjustments, and a part-time operator on the 
night shifts who checks the plant every four hours 
to insure good operation. Feed rates are determined 
and set by means of laboratory floc tests and very 
few adjustments are required. 

Chemical analyses are run on inlet and effluent 
water once a day and determinations are limited to 
the following which are representative of average 


conditions: 


River Water Clarified Water 


pH 7.8 8.3 
Turbidity, ppm 500 2 
Phenolphthalein Alkalinity 0 4 
Methyl Orange Alkalinity 65 68 
Hardness (Soap) 84 102 
Calcium Hardness 66 76 
Chlorides 16 20 
Free CC do 2 0 
SO, 24 40 
Suspended Solids 434 10 


Ferric sulphate and lime are purchased in box-car 
lots which are unloaded into a track hopper by means 
of a power shovel. They are then conveyed through 
an elevator and inclined conveyor to two concrete 
storage silos having conical bottoms discharging into 
smaller individual elevator-conveyors to the indi- 
vidual feed bins located in the chemical building. 
Both the outside storage silos and the inside feed 
bins are equipped with level indicators which sound 
an alarm and cut off the conveyors when full. 

The sodium phosphate is purchased in bag lots and 
is dissolved in an agitated mixing tank before drop- 
ping to the solution feeders. Since sodium hexameta 
phosphate is corrosive in strong solution, approxi- 
mately 10 percent by weight of soda ash is added, 
when dissolving, to limit corrosion on the solution 
tank and equipment. 

Chlorine is manufactured on the plant and piped 
to the clarification plant where it is fed into the raw 
water in the flash mixing chamber by means of a 
chlorinator having a maximum capacity of 2500 
pounds per day. 

Costs 


Average raw material costs expressed in dollars 
per 1000 gallons of water treated are as follows: 


Ferric sulphate $.006 
Lime 001 
Chlorine .001 
Sodium hexameta phosphate  .001 


This plant as installed was designed by The Per- 
mutit Company and, while the basic design remains 
unchanged, its shape and size can be varied consider- 
ably to suit individual installations. In many cases, 
existing settling basins have been adapted to this 
type of operation with satisfactory results. 
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1€ 
Standard Oil Company (Indiana) 
1g 3 LATE 1944 Whiting refinery started running a_ of 27,000 barrels per day. All the desalters are of the 
s substantial amount (45,000 barrels per day) of West coalescer and settler type, and are quite similar in 
e- Texas crudes containing up to 300 pounds of salt per design. Figure 1 presents a flow diagram of a typical 
ce 1000 barrels Previously, the refinery had operated desalting unit, at a 10,000-barrel-per-day crude bat- 
1e almost exclusively on Mid-Continent crudes contain-_ tery. 
rs ing about 40 pounds per 1000 barrels, and the refinery As is shown in Figure 1, the process consists essen- 
“dd equipment had been designed for this quantity of tially of mixing a small amount of water with the 
ee ‘ Ps : . . ; ny 
'y salt. With the advent of high-salt crude, desalting crude, heating the mixture to about 230° F., coalesc- 
measures became necessary. Equipment was provided ing the microscopic water droplets on a collecting 
it to desalt the 45,000 barrels per day of West Texas surface such as excelsior, and settling at a pressure 
0 crude; and a pilot plant was set up for study of de- sufficient to prevent vaporization. Cold crude is 
re salting processes. mixed with demulsifying agent at the suction side of 
The commercial desalting equipment now operat- a crude-charge pump. Water from either condenser 
ing at Whiting includes four units: a desalter for a boxes or the service water line is added on the dis- 
13,000-barrel pipe still, and desalters for three contin- charge side of the crude pump. The mixture of oil 
uous shell still crude batteries with a total capacity and water passes through mix valves located just 
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Commercial desalting unit at No. 6 pipe still, Whiting refinery. Shown, left to right, are the settling drum (horizontal), coalescer (vertical), pump 








house, and blowdown stack. The two vertcal cylinders in the background are heat exchangers connected with the pipe still. 
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downstream of the crude-charge pump and then 
through the tower coil exchangers to the coalescer. 
The pressure drop across the mix valves is held at a 
maximum of 30 psi as limited by crude-charge-pump 
head. Little or no pressure drop occurs in the ex- 
changer system. The oil-water mixture enters the 
coalescer at 225° F. and a pressure of 90 psig. 

The major vessels of the desalting unit are the 
coalescer, a 15-foot vertical drum 7.5 feet in diameter, 
and the settler, a 24-foot horizontal drum 8 feet in 
diameter. Under present operating practice the 5.5- 
foot bed of coalescing medium is gum-free excelsior. 
The coalescer is connected to the settler by means of 
a 36-inch pipe, the large size being used to prevent 
reemulsification of the oil and water. In entering the 
settler the coalesced material passes underneath 
baffle which causes the oil to be washed by the brine 
as it enters the settling zone. The brine level is 
therefore maintained above the lower edge of the 
baffle. 

Final separation of crude and brine takes place 
during a 30-minute holding time in the settler. The 
desalted crude leaves the top of the vessel under con- 
trol of a back-pressure valve which maintains suffi- 
cient pressure in the system to prevent vaporization. 
From this point the crude resumes its normal flow 
through the crude distillation unit. The brine is 
drawn off the bottom of the settler at a rate regu- 
lated by a level-control instrument. 

During the 1% years since initial operation of 
these units, only minor changes have been made in 
the process. Some improvement has been made in 
the technique of packing excelsior into the coalescers, 
and certain changes have been made regarding the 
position of the mixing valves. Also, minor changes 
have been made in the temperature of coalescing, 
by changing the point at which the crude-preheat 
system is connected to the coalescer. 

Initial excelsior coalescer packs were prepared by 
removing the baling wire from the excelsior bales 
and placing the pressed sections of the bales in the 
coalescer in orderly piles, packed as tightly as pos- 
sible. This gave a bed packed to an average density 
of approximately 8 pounds per cubic foot. Inspec- 
tion after several months’ operation indicated that 
severe channeling had taken place, that the beds were 
breaking up, and that the excelsior was being washed 
out of the coalescers. It appeared that this situation 
could be remedied by unbaling the excelsior and care- 
fully packing and tamping it to form a uniform bed 
in the coalescer. Two units repacked in this manner 
have shown a definite improvement in operation. 


TABLE 1 


Average Desalting Operations with Demulsifier at Whiting 


Charging West Texas crude. Water addition point: Crude pump 
discharge. Pressure drop across mix valves and exchangers: 10 to 
120 psi. Temperature of crude to desalter: 225 to 275° F. Pressure on 

desalter system: 90 to 135 psi. 























De- 
mulsifier } 
Added Vol. CRUDE IN CRUDE OUT | 
Gals. Per| Percent |—— - | Brine | Salt 
1000 Water Salt, |B.S.&2W.,) Salt B.S.&W., |Lbs. Salt Removal, 
Bbis. Added ptb Percent ptb Percent. ‘Per Bbi.| Percent 
June, 1945. . 1.2 5.1 251 0.6 | 385 | 09 | 38 | 84.5 
uly. 1.2 5.1 226 05 | 22 | O7 | 38 | 848 
August. 1.2 5.0 196 04 | 338 |. 08 3.4 | 82.9 
September . 14 4.9 192 0.6 37.1 1.0 3.3 80.6 
October... . 14 49 179 0.5 28.8 13 3.4 | 83.9 
November. . 14 5.1 200 0.5 30.2 1.3 | 3.5 | 84.8 
ber. 14 5.4 252 0.6 40.5 | 13 | 43 | 84.0 
January, 1946.) 1.5 5.4 261 07 | 364 | 12 4.1 | 86,0 
Fe is 1.4 5.7 275 0.6 32.3 1,2 45 | 883 
March... 1.7 8.5 | 270 0.6 31.6 1.0 3.9 | 88.4 
April. 1.2 8.6 | 254 0.6 23.6 1,2 3.6 | 90.6 
Be ccdss 1.2 8.6 | 250 0.6 | 25.9 | 15 3.7 | 89.7 
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The point in the system at which the oil and water 
is mixed has been found to have an important influ- 
ence on mixing efficiency. Gentle mixing through the 
exchanger system is superior to violent mixing in 
mix valves; but exchanger pressure drop is insuffi- 
cient to give enough mixing at certain units, and 
additional valve mixing is therefore required. When 
mix valves just upstream of the coalescers were found 
to give violent mixing too close to the coalescers, 
these valves were removed and on two units were 
reinstalled upstream of the exchanger systems; the 
other two units are now operating without mix 
valves. 

Results on Commercial Equipment 

Average monthly operations of the Whiting de- 
salting units are shown in Table 1 for the period June, 
1945, through May, 1946. Fairly uniform operation 
was maintained during this period, the gradual im- 
provement being due to increased experience. Demul- 
sifier addition varied from 1.2 to 1.7 gallons per 1000 
barrels of crude, water addition from 4.9 to 8.5 vol- 
ume-percent on crude. Salt in the incoming crude ex- 
hibited the usual seasonal variation and ranged from 
180 to 275 ptb; salt content of the treated crude va- 
ried from 26 to 40 ptb. The best operation for a single 
unit for .a 24-hour period has given a treated crude 
with a salt content of 17 ptb. The higher salt figures 
during December and January were the result of 
trouble with the demulsifier injection facilities dur- 
ing the severe cold weather. It should be noted that 
the salt content of the treated crude was reduced in 
February and March to 32 ptb in spite of the fact that 
this is the period during which salt content of the 
raw crude has reached its seasonal peak. With the 
proper use of the present facilities it is believed that 
the salt content of treated West Texas crude may be 
held below 30 ptb. BS&W content of the treated 
crude has varied from 0.9 to 1.3 percent and has given 
no trouble in flash tower operations. 


Corrosion in Commercial Units 


Since brines obtained when desalting West Texas 
crudes with approximately 5 percent of Lake Michi- 
gan water are acid to the extent of 3 to 4 pH, a seri- 
ous corrosion problem was anticipated. It was ex- 
pected that pH adjustment would be necessary and 
that injection of caustic or soda ash solution at the 
crude-pump discharge would be required. Because 
of the possibility of throwing down precipitates 
which might plug the excelsior beds in the coalescers, 
however, desalting operations were started without 
neutralization ; and fortunately the corrosion problem 
has proved much less acute than was feared. After 
six months’ operation, inspection of the desalting 
units showed negligible corrosion in the coalescers 
and none in the settlers except for pitting 0.01 inches 
deep on the bottom sixth of the vessels. Pits 0.1 
inches deep were found in a strip 6 inches wide in 
the very bottom of the settler. Rather severe cor- 
rosion occurs in the brine drawoff lines downstream 
of the settler, and here lines and valves must be re- 
placed frequently. There is no evidence of serious cor- 
rosion in the exchangers upstream of the coalescers. 

Apparently the oil forms the continuous phase in 
the emulsion, with the droplets of brine forming the 
discontinous phase; and im this condition the brine 
does not attack the metal. Only after separation does 
the brine become corrosive. Adequate protection 
against corrosion can be obtained by installing extra 
metal over the bottom portion of the settlers and by 
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using alloy in the brine lines. Another appivach now 
being considered is an increase in water addition. It 
has been found that 15 percent of water gives a brine 
with a pH of 6.0 to 6.5, a non-corrosive range. 


Desalting Pilot Plant 


In addition to the commercial desalting units there 
is available at Whiting a 24-barrel-per-day pilot 
plant for investigating various types of coalescing 
media and other operating variables. Pilot-plant ex- 
periments have been carried out with the objective 
of improving the excelsior coalescing process now 
employed at Whiting; and a study has also been 
made of a modified process in which glass fiber is 
used as the coalescing medium. 

Figure 2 presents a flow diagram of the pilot plant, 
a small-scale replica of the commercial units. Crude 
is pumped in by means of a gear pump. Manifolding 
permits injection of water either before or after this 
pump. Mixing of crude and water is accomplished in 
the pump if the water is added upstream of the pump, 
or by applying a pressure drop across the mix valve 
if the water is added downstream of the pump. The 
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Desalting pilot plant equipment. 


mixed crude oil and water are heated by interchange 
with steam, and pass to the coalescer, and then to the 
settler. Treated crude leaves the top of the settler 
through a back-pressure valve which holds  suffi- 
cient pressure in the system to prevent vaporization. 


Pilot Plant Runs Using Excelsior 


A considerable number of pilot-plant experiments 
were made using as packing the same grade of gum- 
free poplar excelsior used in the coalescers of the 
commercial units. The excelsior was packed to a 
depth of 6 feet and a density of 7 pounds per cubic 
foot. The depth of the beds in the commercial units 
is 5Y feet, and the density is 5 to 7 pounds per cubic 
toot. 

Since it was recognized that the amount of water 
added and the intensity of mixing this water with 
the crude exert a considerable influence on desalting 
efficiency, these variables were selected for pilot- 
plant investigation. Also, since the cost of demulsify- 
ing agent is a major item in the total cost of desalt- 
ing, the pilot-plant experimentation was done without 
use of a demulsifying chemical. The results of this 
program are shown in Figure 3, which reveals the 
following facts: 

(1) For a given mixing intensity, an increase in 
water addition results in improved desalting 
up to a certain water addition rate or “break- 
point.” 


*See C. G. Kirkbride, “Desalting of Petroleum With Fiberglas 
Packing,” Petroleum Refiner, 25, July, 1946, p. 313. 
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FIGURE 3 
Salt content of treated crude, desalting pilot plant, excelsior 
packed coalescer. 


(2) This break-point has been determined for the 
75 psi mixing intensity only; but the shape 
of the curves at the other mixing intensities 
suggests that more water would result in 
poorer desalting. 

(3) The greater the mixing intensity, the less wa- 
ter needed to obtain a given degree of de- 
salting. 

(4) Regardless of the mixing intensity and water 
rate employed, the best desalting leaves 10 ptb 
of salt in the treated crude. 

On the basis of this pilot plant work it may be 
concluded that good desalting with excelsior as the 
coalescing medium can be accomplished in the ab- 
sence of a demulsifying chemical. It would. appear 
that optimum water addition and mixing intensity 
could be applied on the commercial units to give de- 
salted crudes which would compare favorably with 
the results when using a demulsifier (20-40 pounds 
of salt remaining in the treated crude). 


Glass Fiber as the Coalescing Medium 


Attention also has been directed recently to the 
use of glass fiber as a coalescing medium for desalt- 
ing crude oils. Ownes-Corning Fiberglas Corporation 
is interested in this application of glass, and has spon- 


sored a fellowship at 


HOT FEED 
roca’ Texas Agricultural and 


Mechanical College* to 
encourage study of glass fiber 
for desalting. The results have 
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e+ LJ been so encouraging that 
Pe ge. “tandard Oil Company (Indi- 
vt bet. less 4-21) Worked out a cooperative 
eT gy Oe program with Owens-Corning 
“A z = Pe Fiberglas Corporation to ex- 
Aah plore further the potentialities 
| of Fiberglas in the Whiting de- 

| o = SS] 5 salting pilot plant. 
EB errs: 9 Only minor changes were re- 
porn a quired for Fiberglas experi- 
“ar. ) mentation. A section of the 


original coalescer was removed 
and a new section installed as 
is Shown in Figure 4, and pro- 
vision was made for installing 

FIGURE 4 beds of Fiberglas 2 inches 
Pilot plant coalescer for thick. Means of by-passing the 
Fiberglas experiments. two top beds in case of plug- 
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ging were also provided. Some other minor changes 
were made after the initial Fiberglas runs were com- 
pleted. 

Four runs were made using Fiberglas as the coa- 
lescing medium. The first three of these employed 
conditions similar to those used in the earlier pilot 
plant work with excelsior as the coalescing medium. 
The Fiberglas in five 2-inch beds was packed to a 
density of 13 pounds per cubic foot with basic “B” 
Fiberglas. A crude velocity of 1 foot per minute 
(based on the empty coalescer) was maintained, and 
crude and water were mixed by a pressure drop 
across the mix valve ; water addition was 25 percent 
on crude. No demulsifying chemical was used in any 
of the Fiberglas experiments. 

The first three runs were characterized by high 
initial pressure drop across the beds followed by 
progressive and fairly rapid channeling of the beds. 
Salt remaining in the crude averaged about 15 ptb 
and BS&W was high (1.0 to 4.0 percent). On Run 
No. 4 the pilot plant equipment was changed to per- 
mit the water to be introduced at the suction of the 
crude pump, and the assembled equipment was pres- 
sure tested with kerosine. (Water used for pressure 
testing the earlier runs was believed to have impaired 
the condition of the beds.) The apparatus was heated 
by circulating hot kerosine before the mixture of 
water and crude oil was introduced, and the crude 
rate through the coalescer was cut to 0.5 foot per min- 
ute. Since the brine from the crude is acidic, acid- 
resistant “C” Fiberglas was used in this run. Water 
rate was continued at 25 volume-percent on crude. 
The operating conditions and desalting obtained in 
this run are shown in Table 2. It will be noted that 
the treated crude averaged 10.5 pounds of salt and 
1.4 percent BS&W. This portion of Run No. 4 com- 
pares very favorably with the best desalting obtained 
in the pilot plant using excelsior and with the plant 
scale operations using a demulsifier. 

Since it was apparent that the Fiberglas beds were 
essentially unchanged after 30 days of operation, it 
was decided to investigate the effect of higher crude 
velocity and lower water addition rather than con- 
tinue the life test at the same conditions. Accordingly, 
the crude velocity was raised to 1 foot per minute 
and the water rate lowered to 12.5 volume-percent on 
crude—conditions readily obtainable on the Whiting 
commercial units. Results for 27 days’ operation un- 
der these conditions are also shown on Table 2. The 
average salt content and the BS&W of the treated 
crude were virtually the same as at the lower ve- 
locity. After 57 days, desalting was still satisfactory. 
The run was terminated voluntarily, since it had 
been demonstrated that the service life of Fiberglas 
was sufficiently long to warrant a full-scale-plant trial 
of this new coalescing medium. 

Based on the pilot-plant experience with Fiberglas 

TABLE 2 


Pilot Plant Desalting with Fiberglas 
Run No. 4 


30 Days to 


Days 57 Days 


0 to 30 
PORTION OF RUN 





Crude Rate, G.P.H. 18 
Crude Velocity Through Coalescer, Ft./Min. 0.5 
Water, Vol. Percent on Crude 25.0 
Crude In: 
Salt ptb 250 
B. 8. & W. Percent 0.7 
Crude Out: 
Salt, ptb 10.5 
B.S. & W. Percent 1.4 








Crude and water mixed by passage through crude pump. 
Five 2-inch Beds of acid-resistant ‘‘C" Fiberglas packed to 13 pounds per cubic foot 


density. 
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at the coalescing medium it may be concluded that: 

(1) The conditions of Run 4 will give desalting 
with Fiberglas equal to or better than the best re- 
sults obtained at Whiting with excelsior and a de- 
mulsifier in the commercial desalting units. 

(2) Because of its uniformity as to diameter and 
its availability in mat form, Fiberglas will probably 
prove fairly easy to install in the plant-scale equip- 
ment, and should give more uniform desalting results 
than can be obtained with excelsior. 


Application to Commercial Units 


Pilot plant studies using excelsior as the coalescing 
medium have indicated that commercial desalting 
comparable to that now being obtained with a demul- 
sifier could be realized by adding 20 to 30 percent of 
water on crude, without a demulsifier. A test to check 
the pilot-plant results in full-scale equipment is now 
in progress at Whiting. At this writing the water rate 
has been increased to 20 percent with noticeable im- 
provement in desalting. Demulsifier addition has been 
decreased to 0.4 gallons per 1000 barrels of crude 
without impairment of desalting efficiency. 


Summary 

When Standard Oil Company’s (Indiana) Whit- 
ing refinery started running substantial amounts of 
West Texas crude containing up to 300 pounds of 
salt per 1000 barrels of crude, desalting measures 
were necessary. Four desalting units of the coalescer 
and settler type are now in operation at Whiting. 
The process consists essentially of mixing a small 
amount of water with the crude, heating the mixture 
to about 230° F., coalescing by means of an excelsior 
bed, and settling at a pressure sufficient to prevent 
vaporization. A demulsifying chemical is employed. 
Operation of these commercial units has produced 
treated crudes of salt content averaging about 30 
pounds per 1000 barrels, which corresponds to re- 
moving about 90 percent of the salt. 

A pilot plant is used for investigation of various 
types of coalescing media and study of other operat- 
ing variables. Pilot-plant work on desalting with ex- 
celsior as the coalescing medium has indicated that 
with increased water addition, it may be possible to 
obtain satisfactory desalting without a demulsifier. 
Since the cost of this chemical is an important item 
in the total cost of commercial operation, attractive 
savings may be possible. .A full-scale trial of this 
process modification is in progress. 

Another pilot-plant program has investigated the 
use of glass fiber as the coalescing medium for de- 
salting. Pilot-plant runs have given desalted crudes 
with only about 10 pounds of salt per 1000 barrels. 
Since a satisfactory life was demonstrated, prepara- 
tions are now being made for a full-scale-plant test. 

Work to date has resulted in the development of 
two potentially attractive modifications of the Whit- 
ing desalting process: 

(a) Modification of the present excelsior process, or 

(b) Substitution of Fiberglas for excelsior as the coalesc- 

ing medium. 

Pilot-plant work indicates that these two possible 
modifications are competitive, and a full-scale test- 
ing program is under way to determine which is the 
more desirable. 

This paper was presented at the technical service 
session of the Fourth Joint Technical Meeting of 
Standard Oil Company (Indiana) and affiliated com- 
panies, held May 13-18, 1946, at Edgewater Park, 
Mississippi. 
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Lubricant Tests By The 
our - Ball Oil Tester 





DR. C. F. KRIENKE 


(German Aviation Institute) 


Translated by E. J. Barth, Petroleum Technologist 


‘lone MANY TYPES of oil-testing apparati which 
are not standardized for determining friction, oili- 
ness, extreme pressure properties, etc., are useful only 
if they are capable of giving reproducible and reliable 
results. The reason for so many types of oil testers 
appears to be that each one stresses some particular 
or important phase of lubrication or evaluates some 
special function of an oil—a situation created by the 
many types of uses to which lubricants are appli- 
cable, and also by a neglect to study the basic or “in- 
ner mechanism” of how oil films affect rubbing sur- 
faces. 

Various tests on lubricants, such as coefficient of 
friction, oiliness, etc., have up to now been poorly 
correlated, if at all, and each one has been the basis 
of some manner of testing machine which stresses 
some one apparently important property of the lu- 
bricant. 

The four-ball testing machine developed by Boer- 
lage’ at Delft for Batavian Petroleum Corporation 
for use in testing extreme-pressure lubricants seems 
to be an answer to the question of whether a single 
test apparatus will evaluate an oil as to its prime 
function—to lubricate efficiently—and to tie in the 
results with those tests of next greatest significance. 
The cost of the apparatus is relatively low. By plac- 
ing a rotating steel ball upon three solidly centered 
Stationary balls below, there is obtained a set of 
conditions: for friction testing which is quite repro- 
ducible in every test. 

These considerations had therefore led us to build 
a similar apparatus for testing ordinary, aviation, 
and extreme-pressure lubricants. The apparatus had 
originally been evolved especially for proving the 
worth of one extreme pressure agent against another, 
and here it has shown to be very reliable. Our pro- 
gram called also for using this setup on ordinary mo- 
tor lubricants. How much data on the latter has been 
accumulated by various investigators in the field of 
lubrication we do not know, except as we find it in 
the literature. J 

Testing Procedure 


Apparatus and Test-Oils. 

The apparatus built by us consists of four steel 
balls, three of which are the balls for points of con- 
tact—in fact, all four are actually the test pieces. 
Figure 1 shows the pyramid arrangement of the balls; 
three of the balls (lower) are held centered into a 
test cup by means of a conical shaped clamp set by 
a metallic gasket. The test-cup also acts as a reser-, 
voir for the oil to be tested. The fourth ball is held 
firm in a chuck, which is connected to the shaft of 
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- S EVERAL tests on three different oils were made on a 
| four-ball test machine—straight-run mineral oil, a 100 
percent fatty oil, and a mineral oil containing elemen- 
tary sulphur in solution. The results appeared to be 
somewhat scattered. When enough tests are made, how- 
ever, wear values and seizure constants are obtained 
which show definite trends and are concordant. 
Wear tests show that sulphur exerts an extremely 
favorable anti-wear action on metallic surfaces, far 
surpassing a mineral oil, and even fatty oils, which have 
been thought of as being good oils, Thus the study of 
lubrication includes the study of anti-wear compounds 
and how these are related to extreme pressure. 








an electric motor by way of a flexible coupling; the 
motor is rated at 1400 revolutions per minute. 

The whole apparatus is housed in one part with 
the attached motor; the lower portion is connected 
with a ball-and-socket pin which allows the attached 
lever to become movable and this can be loaded with 
known weights. The latter transfers the load to an 
upper plate which in turn carries the clamp and oil 
receptacle containing the three balls which are firmly 
clamped, The lever arrangement allows the use of a 
constant load with various lengths of the lever arm 
as well as for variable or increasing loads and which 





FIGURE 1 
Friction elements of the four-ball tester. 


can be steadily maintained. The attached load reg- 
ulator is water-cooled. 

During tests, the upper steel ball revolves freely, 
touching the three balls held securely below; this 
gives rise to rotational friction effects, which tend to 
turn the three lower balls in contact with the upper 
revolving ball. 

The three balls and their clamp transmit their di- 
rectional pull to the lever arrangement; the latter is 
connected to a pointer upon which the degree of pull 
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or frictional effect is recorded visually. The length of 
the pointer can be varied during a test and so set as 
to correspond with desired time intervals and accu- 
rate recordings are thus made available. 

When the rotational deflection has reached certain 
values a flexible clutch arrangement on the motor 
is next automatically thrown out of gear and disen- 
gages the motor. The motor is then stopped and the 
test is completed. 

It is of utmost importance that the top rotating 
ball be equally balanced and very accurately cen- 
tered equidistantly, upon the three lower balls. Our 
first tests showed also the need for the spindle ar- 











engaged later, after the one-minute period is com- 
pleted. 

The several initial tests carried out under identical 
conditions resulted in wide variations. We assumed 
that this was in part due to the poor reproducibility 
of the procedure, especially to conditions present 
when the motor was first started. By this we mean 
that the initial load may so have misshapen the true 
surface of the steel balls that they, variously in each 
case, were not rotating in true circular fashion at 
the very beginning of the test. We therefore made 
a series of tests where the load was applied after 
starting the motor. The scattered results disappeared 
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FIGURE 2 
Time of seizure-delay related to load. 
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Seizure-delay time vs. load for three various lubricants. 





rangement holding the three lower balls to be abso- 
lutely free of hindrances. Special spindles were con- 
structed, as well as the special chuck later designed 
to allow the top ball plenty of play and freedom of 
rotation, 

The test pieces or balls are precision ball bearings 
of ball-bearing hardened chrome steel; they are 12 
mm. in diameter, and show a hardness of 65 Rock- 


well. 

B. Test Procedure. 

The four-ball apparatus was said by its inventors 
to be suitable for evaluating extreme-pressure lubri- 
cants. Since extreme pressure agents are supposed to 
prevent, above all, the seizure or wear of metallic sur- 
faces, they usec as critical-value, that load (increased 
step-wise) which first would produce a sharp and 
sudden friction-increase “within one minute,” imme- 
diately followed by a sudden and complete seizure 
of the metal. We perfected this procedure later, 
namely, during the one minute the friction-time chart 
was studied, and from it determining the time from 
first signs of friction to complete metal seizure. This 
so-called period of wear or seizure delay in relation 
to the final load yields a characteristic curve for the 
particular lubricant under test. The magnitude of the 
area of wear or wear-values was also determined, 
based qn the final load which gave the seizure. 

It should be mentioned that in all tests the load is 
applied first before starting the motor, which is dis- 








and we obtained concordant readings and good 
checks in all cases. We therefore adopted this pro- 
cedure in the tests described below. 

Inspection of seizure diagrams, (one-minute read- 
ings) gave values which were very erratic, allowing 
no extrapolation of the curves whatsoever. We there- 
fore ran the tests only to point of seizure, using the 
previously mentioned automatic throw-out clutch 
which is itself protected from injury by a flexible 
coupling. 

In order to save time we did not pursue the matter 
of constructing diagrams but noted the time merely 
from the starting of “first-ioad” up to initial friction 
and final seizure. The latter is noted when the auto- 
matic disengaging clutch goes into action. 

To differentiate the selected test-procedure from 
methods described elsewhere mention is made that 
by selecting definite pointers and using certain con- 
tact arrangements, tht end of the test (definite seiz- 
ure) can be more clearly indicated. The following 
items are noted: the appearance of the wear surfaces 
at the end of a run before seizure takes place shows 
the presence of a very small (about similar to opti- 
cal flattening) area of wear. The surface condition 
of this area shows that it was due to a considerable 
removal of bearing-metal. The diagrams we con- 
structed, however, showed in those runs which were 
terminated at the very first instance of friction-in- 
creases, a steady deviation of the curve. 

Besides the erratic curves, the use of such balls 
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gives very indefinite seizure points. The picture 
points to possible variations in metal make-up or 
manufacture of the balls themselves, factors which 
also would determine how they would behave on 
rotation, etc. 

True seizure, then, is the point of initial metallic 
contact beyond which no normal but only erratic re- 
sults are obtained. Sometimes this point is passed 
and then there are cases (when the test is still run- 
ning) when a sudden decrease in friction takes place. 
A later and final friction increase will occur and com- 
plete seizure finally results. This usually results in 
loss of temper of the steel balls. By our described 





ture, adding the sulphur to the amount of 5 percent on 
the weight of the oil; this was done rather than first 
dissolving the sulphur in some fatty oil at higher tem- 
peratures. As was to be expected, a considerable por- 
tion of the sulphur finally settled out of the mineral 
oil; the clearer top oil was used for testing without 
further investigating what percent of sulphur had 
gone into true solution. A slight increase in viscosity 
of the blend was taken, as usual, to be a customary 
occurrence. 
Results of Tests 
A. Seizure Prevention (Extreme Pressure). 
Preliminary tests had shown that reproducibility 
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Surface-wear areas related to load. 
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FIGURE 5 
Wear tests for three lubricants 





procedure we encounter this phenomenon very rarely 
since we end the run at the first note of steady fric- 
tion increase. Measurements of the areas of wear is 
done by measuring the length and width with a mi- 
croscope. 


C. Oils Tested. 


We selected two oils containing no oiliness or ex- 
treme pressure additives in order to determine what 
differences, if any, the four-ball tester would reveal. 
The assumption that a pure mineral oil and a 100 
percent pure fatty oil would show extreme differ- 
ences in friction coefficients led us to select a pure 
mineral oil (motor type) as a comparison oil (normal 
oil), and a pure fatty oil of 155.6 saponification value. 

Tests made by the I. G. Farben had convinced 
them that the conditions in the four-ball tester are 
not to be viewed as those of true bondary lubrica- 
tion but perhaps more similar to partial lubrication. 
In this connection viscosity of the test oil enters the 
picture, and modifies the results to some extent. This 
type of viscosity influence is fairly well eliminated in 
the case of the two oils we have chosen, since their 
viscosities of 18” F. for the mineral oil and 17.9° F. 
lor the fatty oil, lie very close together. 

_ In order to test out the effect of addition agents 
in relation to the pure mineral oil, we added sulphur, 
another lubricant substance, to the mineral oil. In or- 
der merely to study the effect of sulphur itself, this 
substance was ground up in the oil at room tempera- 
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of wear-curves can only be relied on after making 
many tests. Additional operational precautions and 
innovations gave no further proof:of improving any 
single reading or result. Tests were therefore con- 
ducted from now on in a manner such that at every 
new increment of load several runs were made at 
that load in order to obtain a true average of results; 
in fact, it proved that at least five runs were neces- 
sary in order to derive a true arithmetical mean 
value, and a fairly smooth curve. 

Diagram in Figure 2 shows the single values of a 
series of some five test runs made on the mineral oil. 
The shaded area between the two curves depicting 
the limits of scattered results is not always as broad 
as in this case with our mineral oil but it does show 
that in the lower brackets of load there exists a re- 
sion of poor reproducibility. 

he average values of runs made on three lubri- 
cants mentioned above are graphed in Figure 3, 


B. Wear Values 


The determination of the wear retardation values 
was carried out by measurement of the depth, width 
and length of the area of wear on the three station- 
ary balls. The areas in most runs were not circular 
but mostly eliptical wear spots. Our procedure was 
not to obtain an average diameter? but we employed 
a unit which is the product of the greatest width 
times greatest length, and the values averaged for 
the three balls. 
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Figure 4 shows the results for the mineral oil. De- 
spite a somewhat scattering of the area of true val- 
ues, the graph shows smooth curves can be obtained 
as the result of five test runs. 

In Figure 5 are shown the results of all three oils, 
the mineral oil, fatty oil and the sulphurized oil. The 
points of several runs are connected. 

For all oils tested there seems to be a relation be- 


do appear to cause final wear with increased loads; 
in contradistinction to these two oils we note that 
the sulphurized oil behaves quite differently—an al- 
most constant wear value is obtained eventually re- 
gardless of increasing load. 

Figure 6 depicts the situation more clearly how 
sulphur addition changes the wear picture as we ob- 
tain it in the case of the straight mineral oil. Slopes 
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Wear tests vs. seizure time. 





tween wear and load as well as between seizure and 
load; therefore, a relationship must also exist be- 
tween wear and seizure. This is depicted in Figure 6. 


Meaning Of Results 


From Figure 3 we noted that tests on the three lu- 
bricants gave clearly quite different results when us- 
ing the four-ball apparatus. For instance, the fatty 
oil shows good extreme pressure value in comparison 
with the straight mineral oil. Unfortunately the dif- 
ferences become less apparent at higher loads, and 
just where reproducibility is quite good. The sulphur- 
ized oil, however, even at very high loads is very 
much better than the mineral oil in all tests—prob- 
ably some tenfold improvement. 

To evaluate many hundreds of curves, Boerlage 
and co-workers selected the so-called 2.5-second seiz- 
ure period. From Figure 3 it can be seen that this se- 
lection is of value, since in this 2.5-second interval 
great differences occur, though they are still quite 
reproducible. 

The results of the four-ball test by our procedure 
is as follows: (See arrows in Figure 3) : 


83 Kgm. 
128 Kgm. 
200 Kgm. 


seizure load , 
seizure load 
seizure load 


Straight mineral oil 
Fatty oil 
Sulphurized oil 


The mineral oil had previously shown a value of 
78 Kgm., when tested at the Delft laboratory using 
the 2.5-second time-period limit. They used, however, 
one-half-inch steel balls, and perhaps some variations 
in test procedure of which we are apparently un- 
aware. 

The curves in Figure 5 are very interesting as to 
retarding seizure, Wear curves, however, do not 
seem to be as conclusive as the former. Of course, the 
mineral and fatty oil do behave alike in that they 
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of curves for the former are constant, and if low mag- 


nitude, those for the mineral oil, at low loads and 
therefore higher wear retardation, show greater 
slopes and curvature of the lines. 


It is quite apparent that values for the fatty oil 
lie actually on the same curve as the mineral oil. 
All mineral oils with or without fatty-oil additions 
were found to graph the same way, regardless of 
origin or type of fat. These oils yield a definite cur- 
vature at some definite time limit of seizure preven- 
tion and anti-wear. 

For certain load ranges the wear values lie on the 
lower flat part of the curve in the case of good oils; 
with oils showing poorer anti-wear value, or less val- 
uable oils, the wear value versus load is shifted to the 
left or steep part of the curve, where wear-values 
are high. 

Small or very valuable wear-values as shown by 
the sulphurized oil must be attributed to an entirely 
different set of conditions and forces than are present 
in mineral oil-fatty oil lubrication. In the case of the 
sulphur oil we noted that the steel balls took on a 
dull black polished appearance—perhaps iron sul- 
phide layers—especially at the very edges of the wear 
area; mineral and fatty oils give no such coatings. 

Especially important is to take care that all balls 
be of the same make and same dimensions when 
running many tests, otherwise no concordant results 
are possible, 

Continuation of researches in this direction should 
give valuable new information of the behavior of 
films and their value in lubrication. Results obtained 
by the four-ball machine need still further study and 
the values need further practical correlation. 
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SHEET COPPER is versatile 


— SEE KEKE 


Tee for pressure slice 
pump discharge, 16” 
x16" x18", from .165" 
sheet copper 





Steam belt for evaporator, 9’ 1.25" diameter 
x 42”, from one sheet of 5-16" copper. Con- 
tains Muntz Metal head Y2" thick, and 800 
copper tubes, Finished weight, 17,000 Ibs. 


HE pictures on this page show plant 

equipmentinunusual shapesandlarge 
sizes, fabricated of Revere sheet copper 
by R. A. Burroughs & Co., Inc., Norfolk, 
Virginia, coppersmiths and metal fabri- 
Cators since 1910. They illustrate the 
amazing versatility of this metal, which 
in skilled hands can be worked from 
the flat into practically any shape. 


Easy workability of course means 
faster and more accurate fabrication 
of apparatus for your plant. It may also 
Mean lower prices from the fabricator, 
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Special elbow, 18" x 
14" x 18", made from 
165” sheet copper 








Tapering evaporator connection, 42“ to 36" diameter, from .250" sheet copper 





Flanged elbow for pa- 
per stock, 24" diam- 
eter, from .165" sheet 
copper 






This equipment was fabricated of Revere sheet copper by R. A, 
Burroughs & Co., Inc., Norfolk, Va. All seams were gas welded 
with copper welding rod. 


or lower labor costs in your plant if you 
make your own equipment. 


More than this, copper’s high heat 
conductivity may speed up processing, 
and cut fuel expense. 


Copper resists attack by many sub- 
stances, and thus has a long, sometimes 
endless life. Often copper pipes and 
vessels are replaced only because of 
a change in the plant; then the metal 
has a high reclaim value. 


The Revere Technical Advisory Service 


will gladly cooperate with you in work- 
ing out the applications of copper. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 
Mills: Baltimore, Md.; Chicago, Ill; Detroit, Mich,: 
New Bedford, Mass.; Rome, XN Y.—Sales Offices in 
Principal Cities, Distributors Everywhere. 


Listen to Exploring the Unknown on the Mutual Net- 
work every Sunday evening, 9 to 9:30 p.m., EDST. 
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Artificial Eye Poster Is 
Forcible Gogale Reminder 


gs FORCIBLY bring to the atten- 
tion of mechanics using grinding wheels 
the necessity of wearing goggles, Union 
Oil Company places artificial eye ad- 
vertising on a stand above the starting 


button. The placard informs the user 
that he may obtain glass or plastic eyes 
from a certain manufacturer. Men ap- 
proaching the grinding wheels with 
chisels or other tools requiring shaping 
on the wheels take time to place gog- 
gles over their eyes before starting the 
motor. In several instances men took 
the goggles to the facilities providing 
for cleaning so that clear lense would 
be in shape for use. No one has used 
the wheels without goggles. 


Artificial-eye advertisement is effective goggle warning 


Mirror Promotes Safety 
At Parking Lot Exit 


A LARGE plate-glass mirror at the 
exit of the refinery parking lot assists 
in reduction of traffic mishaps. The mir- 
ror.shows traffic on the busy highway. 

Drivers making a left turn into traffic 
from the lot can see the road into which 
they are turning, but not so readily the 
cars coming from the other direction. A 
24 x 36-inch mirror mounted as shown 
in the photograph is in effect a rear- 
view mirror which shows traffic ap- 
proaching from the right. As adjusted, 
this mirror provides a view of the high- 
way for approximately 1000 feet. This 
idea is one worthy of public traffic- 
safety officials. 
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Truck-Cab Guard Makes 


Place for Boomer Chains 


; rack commonly placed just be- 
hind the cab of a truck used for hauling 
pipe and other heavy refinery equipment 
usually is utilized as support for spare 
boomer chains and other load binders. 
Unless anchored, these chains sway with 


Truck Cab Guard 


truck motion, pounding against the cab 
and causing so much noise that it is 
sometimes difficult to check other op- 
eration noises of the equipment. 

By welding expanded-metal mesh 
across this cab guard, one maintenance 
man forms .a support for the chains 
which keeps them clear of the cab, and 
prevents their possible fouling the truck 
winch as it is being used to handle 
heavy equipment onto the truck bed. 

The sloping support also aids in hos- 
ing off the chains when they have been 
used to extricate the truck or other 
equipment from a mudhole, and also 


Rear-view mirror for parking lot 
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FOR EVERY GAGE REQUIREMENT 


Whatever your liquid level gage requirements, there is a 
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Penberthy Gage that will meet your needs. These gages are 






suitable for the various pressure and temperature conditions 
of the oil industry. All Penberthy Gages conform with 
A.P.I.-A.S.M.E. requirements. 
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Write for a copy of Catalog 34-A. 
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Transparent 


DROP FORGED STEEL R 
PENBERTHY eflex 


LIQUID LEVEL GAGES 
DROP FORGED STEEL 


Used to observe color and den- 






sity of liquids under high pres- LIQUID LEVEL GAGES 

sures, and/or temperatures. 

Construction is exceptionally Liquid shows black — empty 

rugged .... similar to Rejlex space shows white. Preferred 
. types. wherever liquid level must be 






easily and positively visible 

- » and when liquids are un- 
der high pressure or at high 
temperature. 
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_ Water shows black — steam 
a shows white. U-Bolt construc- 
woe PENBERTHY tion is strongest and simplest 
sieoe to service. Glass replaced by . 
also DROP FORGED STEEL simply removing nuts on face 
- of gage... unnecessary to 
LIQUID LEVEL GAGES work between gage and boiler. 
Made of Chromium-molybdenum 
alloy temperature-resisting steel. 
extra heavy throughout. Stain- 





less steel trimmed. Tubular 
glass type gages also avail- 
able in various other metals 
suitable for practically all con- 
ditions. 
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makes easier visual examination of the 
links for possible damage. 

Since the mesh does not extend out 
farther than the original support on 
which it is mounted, it does not inter- 
fere with normal loading of the truck. 


Dolly Helps in Using 
Heavy Pipe Tongs 


\ HEN breaking out fittings on sal- 
vaged pipe, the job of frequent fitting 
of the heavy tong back-up soon becomes 
arduous. To eliminate the heavy work, 
a mechanic in Union Oil Company’s 
Oleum refinery shops devised an at- 
tachment for the chain tongs that elimi- 
nated all of the heavy lifting. He at- 
taches a pair of small trucks to the 
point of the chain tongs for easy rolling 
along the floor. Near the other end is 
placed a substantial clamp holding a 
long threaded stem passing through a 
wheel from a gate valve. Another pair 
of trucks with a tube receiving the 
threaded stem support the jaw end of 
the tongs. Adjusting the height of the 
back-ups is done by spinning the wheel 
up or down. To support the point end 
of the tongs, is a standard with a pad 
which can be run up or down to suit 
the load and conditions of work. 


Pipe tongs mounted on wheels. 


Removable Line Plugs 
Lxpanded Inside Pipe 


Pancpewtiy it is desired to test 
lines without arranging for tying in a 
valve or making a weld to close the 
open end. If the open end of the line is 
such that a sleeve cannot readily be 
placed, and the blind in the sleeve 
braced against~ endwise travel under 
pressure, the closure must be placed 
within the line. 

One company has developed a pres- 
sure-set plug which will withstand nor- 
mal test pressures, and which is readily 
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placed or removed. The closure con- 
sists of a heavy steel plate washer, 
slightly smaller than the inside diame. 
ter of the line to be tested. A hole is 
bored at itS center to clear a one-inch 
bolt, and a one-inch nut is welded on 
the outside, aligned with the hole. Two 
or more pairs of heavy elastic washers, 
of rubber or oil-resistant synthetics, are 
placed on the plate washer. The pairs 
are assembled with the bevels facing in 
opposite directions, to utilize the pres- 
sure of any leakage as further sealing 
effort. 

A second steel plate completes the 
pressure portion of the plug, the two 
being forced against the gaskets through 
the one-inch eye bolt. This unit carries 
a second nut, welded to the shank so 
as to bear against the second backing 
plate. 

Friction of the inner plate against the 
sealing material prevents turning of the 
nut, and allows the material between 
the plates to be expanded as much as 
desired, so as to build up pressure 
against the pipe wall. 


Hose Suspended on Pole 
Insures Proper Drying 


HE life of fabric fire hose depends 
upon its condition when spooled after 
use. Moisture breaks down the cotton 
fibres and rapid deterioration sets in 
But dry lengths last for many years, 
and to condition the hose after use, 
drying is assured when hung in the air 
and sunlight. To accomplish rapid dry- 
ing, a bracket is attached to the top ofa 
lamp pole with a sheave hooked in an 
eye bolt for a manila or wire line with 
a loop for connecting a bar with ap- 
paratus for attaching the female ends of 
the fire hose. A counterweight on the 
other end of the line assists in raising 
the hose when elevated for drying. 


Spark Arrestors Put On 
As Trucks Enter Yard 


if PREVENT refinery fires due to 
carbon particles leaving truck exhaust 
pipes, Union Oil Company provided 
spark arrestors which are fashioned to 
fit the size of any exhaust commonly 
used on diesel motor vehicles. The 
spark-arresting part of the apparatus 


Removable line plugs 
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Stainless Steel 


TUBE-TURN WE LDING FITTINGS 


due t ... now available, including 45°, 90° and 180° elbows, tees, 
_— caps, reducers, lap joint stub ends. Write for the name of 
ned to your nearest distributor. Return the coupon for new bulletin 


ymonly 


ul giving full information on Tube-Turn Stainless Steel 


Welding Fittings. 


TUBE TURNS (inc.), Louisville 1, Kentucky. District Offices: New York, 
Washington, D. C., Philadelphia, Pittsburgh, Cleveland, Detroit, Chi- 
cago, Houston, San Francisco, Seattle, Los Angeles. 
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Spark arrestors for diesel truck exhausts 


which fits over the exhaust pipe. Lugs 
with holes are attached to opposite 
sides of the cones at the point where 
the screens are attached so that the 
gateman may lift the arrestor with a‘ 
pole fitted with a fork that fits into the 
holes in the lugs. These fittings are 
placed on the vertical exhaust of the 
diesel transports at the refinery gate, 
and removed when the vehicle leaves 
the yard. 


Blanking-Off Plates 


Always at Hand 
Worx a pipe-line manifold is con 


structed to fit each individual flange 
connection, it is difficult to insert blank- 
ing-off plates without distorting the 
fittings when drawing up flange bolts 
Plates with companion ring plates for 
each connection which may be shut off 
during repairs is the answer. This ap 
paratus consists of the two members; 
the blank plate to shut off the line, and 
the companion ring for use when the 
line is im service. 

The blanking-off plates are cut from 
substantial steel leaving tabs on oppo 
site sides for convenience when han 
dling and to provide means of connect 
ing the plate to the companion ring 
The ring is shaped in the same manner 
except that the center is cut away to 
the same inside diameter as the flange 
where it is to be installed 

When the line or valve is in service 
the companion ring is installed between 
the bolted flanges with gaskets on each 
side. to occupy the space taken up by 
the blank plate when it is inserted. This 
method is employed so that the com 
p2nion flanges are always the same 
distance apart. The ring spacer and the 
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consists of a drum shaped section made _ blanking-off plate are chained to each 
of heavy woven wire cloth. This is other so that both are always at the 
attached to a funnel-shaped cylinder point where needed. 




















Shop-Made Shim For 
Retubing Old Condenser 


Many old condensers, which have 
a header plate that has deteriorated to 
such an extent that rolling in new tubes 
is impossible, may be repaired satisfac. 
torily with only the equipment necessary 
for an ordinary replacement. ‘ 
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Tube for Shim hs 
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Tube ?o be Slared,with Shim 
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A new tube is placed in a vise and 
flared to the maximum capacity of the 
roller. This flared section is then re- 
moved, with a hacksaw, just below the 
enlarged portion. This slightly tapered 
sleeve is then driven on over the end of 
a new tube, forming a thick shim. The 
tube may then be rolled in, forming a 
tight fit in the corrosion-enlarged hole 
in the header plate. 


Salely Covered Waste 
Hume Provides Walkway 


- material, flushed at intervals 
from stock tanks and process equip- 
ment, is usually inflammable and thus 
poses a fire hazard when carried around 
the plant in open ditches. Flumes and 
other open carriers also tend to fill with 
wind-borne trash, dust and dirt and, if 
the waste products adhere to the sides 
of the ditch, eventually clog the run so 
that thorough cleaning is required. 

One refinery solves its waste-disposal 
problem by erecting a sheet iron flume, 
with good hydraulic gradient, extending 
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Blanking-off plates for flanged connections 
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M-E-K SOLVENT 
DEWAXING PLANT 


The photos on this page show three views of a 
2000-barrel M-E~-K Solvent Dewaxing Plant 
recently designed, engineered and constructed 


by Arthur G. McKee & Company under a 
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Texaco Development Corporation process license. 
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Arthur 6. Mckee & Company 


x Engineers and Contactas * 


2300 CHESTER AVENUE + CLEVELAND, OHIO 
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Adjustable forge hood 


from the tank battery to the burning 
pit. A close fitting cover is provided, 
bolted at intervals to the flume and 
forming, in addition to a cover, a con- 
venient walkway from battery to pit. 
Safety tread steel plate is used, so as 
to facilitate. the use of the cover as 
walkway. 

The flume is Brought into the waste 
pit through the firewall, and is provided 
with screened stops which are placed 
before the pit is ignited. This prevents 
flashback of flames from the pit through 
the flume, and safeguards the stock tank 
battery. 





Adjustable Hood Handles 


Forge Smoke Nuisance 


Ay ADJUSTABLE hood over the 
blacksmith’s forge insures removal of 
fumes from the building even when the 
initial fire with its excess of smoke is 
started, and is out of the way when the 
fire is being used. 

The hood here discussed was built by 
a tinner. It is attached to a permanent 
stack through the roof. The adjustable 
feature consists of a sleeve fitted over 
the lower end of the stack, which car- 
ries the hood covering the forge. Pulley 
and cables attached to the movable sec- 
tion and to a band around the perma- 
nent stack carry counterweights to per- 
mit easy adjustment of the hood. A 
latch to clamp the hood in full up posi- 
tion is manipulated by a cord. 

When building the fire in the morn- 
ing the hood is drawn down to within 
15 inches of the fire so that the smoke 
goes up the stack. When the fire clears 
and is in use the draft induced by the 
heat removes the normal fumes through 
the hood in its elevated position. 


Traveling Ladder Aids 
Fireman in His Work 


A CONVENIENCE for firemen may 
be obtained by installing a ladder on 
wheels to be moved back and forth dn 
front of the unit so that the fireman 
can make adjustments on valves and 
controls above normal reach. This lad- 
der is all steel, with rubber-tired wheels. 
The upper end is equipped with metal 
grooved wheels which rest on a track 
above the burner controls of the heater. 
The track is firmly attached to the 





Expansion-Joint guard 


SE .. 


Traveling ladder for fireman 


structural steel of the heater and ex- 
tends outward so the ladder may be 
moved from one end of the unit to the 
other without difficulty. 


Expansion Joint Travel 


Limited by Chain Guard 


= ANSION joints, required where 


steam or flow-lines carrying hot prod- 
ucts are laid in long tangents, are ol 
two general types: the bellows or ex- 
panding diaphragm types, which is el- 
fective only if the thermal shift is not 
excessive; and the sleeve type, which 
relies on packing to maintain a seal, and 
whose lateral change is limited only by 
the length of sliding or telescoping por- 
tions of the unit. 

Since the sleeve type depends upon 
free action between parts to relieve 
expansion stresses, some type of anchor 
is required to prevent the pressure within 
the line acting to force the slip joint 
open. Where the runs are long, and end 
anchors are not available, one plant 
welds heavy ears to the line pipe on 
each side of the expansion joint, pass- 
ing a heavy chain through the eyes 0! 
the ears, and hooking the ends together 
with sufficient slack to provide for ex- 
pansion shifts, but snubbing travel be- 
fore the joint can travel endwise to the 
point where the telescoping parts no 
longer engage. 

Where the line must be lagged tor 
heat conservation, the two ears for at- 
taching the chain are made long enough 
so that the links clear the lagging. The 
packing of the joint may be serviced or 
replaced without removing the chain. 
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Carthage Hydrocol Elects 
Gabrielson President 


G. G. Gabrielson has been elected 
president of Carthage Hydrocol, Inc., 
recently organized with plans for con- 
struction of a plant in the vicinity of 
Brownsville, Texas, for synthesis of 
natural gas. Gabrielson has been gen- 
eral counsel for the company, and will 
continue in that position as well as in 
general law practice in New York and 
New Jersey. 

Carthage Hydrocol, Inc., is capital- 
ized at $19,000,000, of which $10,000,000 
is supplied by eight companies, includ- 
ing The Texas Company, Forest Oil 
Corporation, Niagara Share Corpora- 
tion, United Gas Corporation, La Gloria 
Corporation, Stone & Webster, Inc., 
Gulf States Oil Company and Chicago 
Corporation. Reconstruction Finance 
Corporation has agreed to loan an addi- 
tional $9,000,000. Directors of the com- 
pany include George H. Clifford, presi- 
dent of Stone & Webster Service Cor- 
poration; Richard J. Dearborn, presi- 
dent of Texaco Development Corpora- 
tion; Michael Halpern, vice president of 
The Texas Company; Percy C. Keith, 
president of Hydrocarbon Research, 
Inc.; Harry T. Klein, president of The 
Texas Company; John F. Lynch, vice 
president of La Gloria Corporation; H. 
Neil Mallon, president of Dresser In- 
dustries, Inc.; W. Frank Miller, vice 
president of Forest Oil Corporation; J. 
Fred Schoelkopf IV, president of Ni- 
agara Share Corporation, and Gabriel- 
son. 

Announced plans for the plant involve 
an expenditure of $15,000,000. Gasoline 
and other chemical components will be 
synthesized from gas by a process de- 
veloped by Keith and his associates in 
Hydrocarbon Research, Inc. 





G. G. GABRIELSON 
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Conventions 
September 
16-20—National Instrumentation Con- 
ference and Exhibit, Wm. Penn 
Hotel, Pittsburgh. 
18-20—National Petroleum 
tion, Hotel Traymore, 
City. 


Associa- 
Atlantic 





October 

3-5—American Institute of Mining 
and Metallurgical Engineers, 
Petroleum Division, Galveston, 
Texas. 

7-9—American Society of Mechani- 
cal Engineers, National Confer- 
ence, Tulsa. 

11—California Natural Gasoline 
Association, Annual Fall Meet- 
ing, Ambassador Hotel, Los An- 


geles. 
7-12—American Gas Association, At- 
lantic City. 


November 
7-8—Society of 
neers, Fuels and 
Meeting, Tulsa. 
11-14—American Petroleum Institute, 
annual meeting, Stevens Hotel, 
Chicago. 


Automotive Engi- 
Lubricants 





CGNA to Hold Annual 
Meeting October 11 


The annual meeting of the Califor- 
nia Natural Gasoline Association will 
be held October 11 in the Ambassador 
hotel, Los Angeles. Morning and after- 
noon sessions will consist of presenta- 
tion of technical papers, followed by a 
dinner and entertainment in the evening. 

The program is being worked out by 
a committee headed by E. G. Ragatz, 
Bectol Brothers McCone Company. A 
recent news release from the office of 
George Tyler, secretary, gave the fol- 
lowing summary: 

Opening the morning session, Dr. B. 
H. Sage, California Institute of Tech- 
nology, will present data and methods 
which natural - gasoline - plant designers 
and process engineers can use to ac- 
curately predict the thermodynamic 
properties of hydrocarbons. Then C. D. 
Gard and Hugh Colvin of Union Oil 
Company will discuss the economics of 
LPG operations from the manufactur- 
er’s viewpoint. The final paper of the 
morning session will evaluate the va- 
rious methods available for processing 
absorption-plant rich oil. 

In the afternoon, following. President 
Kibre’s address, Frank West of the en- 
gineering firm of West and Cole, will 
discuss the selection of absorption pres- 
sures for plants to be installed in high- 
pressure fields. In the second paper, 
R. C, Alden of Phillips Petroleum Com- 
pany will discuss natural-gas conversion 
by the Fischer-Tropsch process. The 
final paper of the meeting will be pre- 
sented by Ragatz and will deal with the 
determination of absorber operating ef- 
ficienies. 

The evening session will be in charge 
of Entermtainment Chairman P. W. 
Mettling of Cooper-Bessemer Company. 
Mettling stated that his committee is 
rapidly completing arrangements for the 
dinner and show and that both would 
be of prewar quality. 
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Baton Rouge Facilities 
Are Being Expanded 


Along with the announcement that 

the Baton Rouge plant of Standard Oil 
Company of New Jersey had processed 
its billionth barrel of crude oil, 
Boyer, general manager, outlined im- 
provements and additions now under 
way and in prospect for the Louisiana 
plant. The plant is the first within the 
New Jersey group to reach a billion bar- 
rels total throughput. 

A new synthetic alcohol unit is under 
construction at Baton Rouge, as well as 
replacement of an old section of the 
docks. Work has begun on an expansion 
of the research laboratory facilities. 

Engineering designs are under way 
for an expansion of gasoline manufac- 
turing facilities as well as added capacity 
for the production of wax. Some of the 
construction represents work held over 
during the war period. 


The Pure Oil Company 
Plans New Laboratory 


The Pure Oil Company has announced 
tentative plans for construction of a 
new oil research and development lab- 
oratory at Crystal Lake, Illinois. Nego- 
tiations are underway for purchase of 
a 68-acre site upon which buildings and 
facilities of $400,000 initial cost are con- 
templated. The company’s laboratory 
now is located at Northfield, Illinois. 


Dinkins Made President 
Jefferson Chemical Co. 


P. M. Dinkins has been made presi- 
dent and-a director of Jefferson Chem- 
ical Company. 

This company was organized in 1944 
by American Cyanamid Company and 
The Texas Company to produce chem- 
icals from petroleum and petroleum 


P. M. DINKINS 
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South Cole’s Levee Unit Cycling Plant, Ohio Oil Co., 


br, gas is returned to the sand at the rate of 45,000,000 Consider These Clark “Angles” 
per day under 3,700 Ibs. pressure. 


1. Clark 2-cycle economy and 
Clark 600 BHP Right Angle gas-engine-driven units dependability, proved repeatedly 


ise the compressor installation in this modern plant, Prise. J — te eats, . 
most exacting conditions. 


is located on Buena Vista Lake at the base of Elk Hills, 
2. “Custom-tailored” to fit pre- 


mia. Products manufactured are condensate, propane, cisely the type of processing and 


he, normal butane and natural gasoline. special requirements involved. 


3. Comprehensive engineering 

K BROS. CO., INC., Olean, New York service from inception of the 

* TULSA « HOUSTON « CHICAGO ¢ BOSTON «+ LOS ANGELES project to operation in the field. 
LONDON « BUENOS AIRES + CARACAS, VENEZ. 
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gases. Its first plant, now under con- 
struction at Port Neches, (Beaumont- 
Port Arthur), Texas, will produce in- 
termediate chemicals used in the syn- 
thetic rubber, plastics, textile, and other 
industries. 

Dinkins has been associated with 
American Cyanamid Company since 
1923. He received his B. S. in chemical 
engineering from Massachusetts Insti- 
tute of Technology in 1918. 


Monsanto to Add Plastics 
Unit at Texas City 


Mosanto Chemical Company, St. 
Louis, will add plastics-making facili- 
ties to its Texas City, Texas, styrene 
plant recently bought from the govern- 
ment. The styrene plant, which the com- 
pany operated during the war, will con- 
tinue to provide styrene for the synthetic 
rubber program. 

The styrene unit also will provide raw 
material for the polystyrene plastics 
unit to be added at Texas City. Poly- 
styrene will be furnished to manufac- 
turers of finished products such as 
combs and dresser sets. 


California Refining Company 
Starts East Coast Operations 


California Refining Company has been 
organized under the terms of an agree- 
ment between Barber Asphalt Company 
and Standard Oil Company of Califor- 
nia. The agreement is awaiting approval 
of stockholders of Barber Asphalt Com- 
pany. 

The new company will operate the re- 
fining plant, marine terminal and other 
facilities near Perth Amboy, New Jer- 
sey. Crude oil produced in Louisiana by 
The California Company, subsidiary of 
Standard Oil Company of California, 
will be processed at the New Jersey 
plant, whose present capacity is 15,000 
barrels daily. 

Fred Powell, who has been manager 
of the refining division of the El ‘Se- 
gundo plant of Standard Oil Company 





FRED POWELL 


of California, has been named president 
of the new company. He has been with 
the company since 1925 when he went 
to work in the Richmond plant. Subse- 
quently he held positions in the com- 
pany’s plant at El Paso and Bakersfield, 
going to the El Segundo plant in 1941. 
Powell is a graduate of the University 
of Washington. 


Standard of California 
Announces Promotions 


C. A. Pollard has been appointed as- 
sistant general manager of Standard Oil 
Company of California’s Richmond re- 
finery. Formerly manager of the refin- 
ing divisions at this refinery, Pollard has 
been with the company since 1921- Suc- 
ceeding him as manager of the refining 
divisions is C. W. Rehfuss, who for- 
merly was manager of the service di- 
visions at Richmond. Rehfass has been 
with the company for 22 years. 


Trends of Operations and Changes in Stocks 


Figures on crude stocks are from Bureau of Mines weekly reports; 
are estimates on Bureau of 


Petroleum Institute weekly reports, 


which 
(All figures in thousands of barrels—add 000) 


all others from American 
Mines basis. 
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Crude Oil Gasoline Gasoil and Distillate Residual Fuel 

Trends in | Production; Runs to Stocks | Production) Stocks | Production) Stocks | Production) Stocks 

Week Ended: | Daily (Stills Daily; Week End| Weekly |WeekEnd| Weekly |WeekEnd| Weekly | Week End 
1945: 

January 27 4,727 4,756 221,310 14,957 88,223 4,843 33,561 9,252 51,119 
February 24 4,777 4,803 219,351 15,500 95,972 4,958 28,753 0,084 46,713 
March 31 4,781 4,677 223,782 14,644 98,758 4,548 26,889 9,184 41,745 
April 28 4,805 4,780 223,474 14,633 94,068 4,636 28,273 9,379 39,813 

ay 26 4,887 4,950 222,831 15,194 89,121 4,667 29,184 9,670 38,548 
June 30 4,903 4,999 220,781 15,546 86,472 4,910 32,213 9,077 40,488 
July 28 4,930 4,996 218,507 16,106 86,008 4,598 36,071 9,586 42,283 
August 25 4,892 4,931 211,813 15,986 84,693 4,960 39,782 9,356 46,201 
September 29 4,357 3,812 222,387 11,913 79,552 3,940 43,689 7,047 46,853 
October 27 4,273 4.838 224,230 15,530 74,335 5,159 43,472 | 8,691 45,943 
November 24 4,469 4,648 219,363 15,681 83,184 4,802 45,258 | 8,800 47,474 
December 29 4,474 4,729 218,918 14,546 95,205 5,055 36,651 | 8,765 42,447 

1946: 

January 26 4,626 4,553 220,544 13,622 107,737 5,720 29,498 8,411 39,722 
March 2 4,726 4,779 229,430 13,871 | 104,462 5,888 25,148 8,634 | 38,441 
March 30 4,425 4,684 221,214 13,896 104,715 5,357 | 28,240 | 8,738 | 37,746 
April 27 4,67 4,685 221,689 14,228 | 99,631 5,568 30,466 9,204 39,404 

ay 25 4,759 4,857 2 14 14,322 95,769 5,463 | 32,973 8,908 43,368 
June 29 4,957 4,854 223,883 14,500 | 92,333 5,408 37,762 | 8,828 46,447 
July 27 4,926 4,896 | 222,740 14,535 88,626 5,817 44,316 | 8,217 49,517 
August 24 4,836 4,866 225,500 14,639 86,251 | 5,649 51,405 8,126 52,061 








Dr. P. C. White Appointed 
Whiting Chief Chemist 


Dr. P. C. White has been appointed 
chief chemist at the Whiting plant of 
Standard Oil Company (Indiana). His 
promotion from assistant chief chemist 
fills the vacancy caused by the retire- 
ment September 1 of F. M. Rogers. Dr. 
White joined the organization in 1938 
after finishing his graduate work at the 
University of Chicago. 

R. F. Marschner has been made sec. 
tion leader in charge of exploratory re- 
search on petroleum processes. Dr. 
Marschner received his bachelor’s de- 
gree from .Brown University and his 
Ph.D. from Penn State. He has been 
with the company since 1934. 

Other members of the research staff 
have been promoted to the following 
positions: J. ©. Bailie, acting assistant 
chief chemist; W. J. Tancig, group 
leader in charge of analytical methods 
application; A. P. Lien, group leader in 
exploratory research; J. J. Lukes, group 
leader in the pilot plant section; and 
H. S. Wood, group leader in the light 
oils section of the technical service di- 
vision. 

Dr. Rogers, retired after 38 years’ 
service with the company. A pioneer 
oil chemist, his most important con- 
tribution was perhaps the part he 
played in developing the Burton pro- 
cess, and in solving the problems in- 
volved in refining the cracked products. 
At a dinner in his honor, Dr. Rogers, 
was presented a set of matching lug- 
gage by J. K. Roberts, general man- 
ager of research, on behalf of his asso- 


ciates. Dr. E. Humphreys, retired 
vice president in charge of. manufac- 
turing and chief chemist when Dr. 


Rogers joined the company, was prin- 
cipal speaker at the dinner. 


Smith Foreign Refining 
Coordinator for Standard 


L. G. Smith has joined the foreign re- 
fining coordination department of 
Standard Oil Company (New Jersey), 
and has resigned as president and gen- 
eral manager of Lago Oil & Transport 
Company, an affiliate operating at 
Aruba, Netherlands West Indies. John 
J. Horigan has succeeded Smith at 
Aruba. 

Smith graduated from University of 
Illinois with a degree in mechanical 
engineering, and has been in the oil 
business-since 1913. Horigan is a Yale 
civil engineering graduate, and entered 
the oil business in 1920. He has been a 
director of Lago Oil & Transport Com- 


pany since 1942. 


Jersey Standard Expands 
Executive Development 


Expansion of the executive develop- 
ment program of Standard Oil Com- 
pany (New Jersey) and appointment ol 
ar advisor to coordinate the work ol 
training future leaders for the business 
have been announced by Eugene Hol- 
man, president. 

Holman said the program is intended 
tc develop a reserve of executives 0 


broad training and experience for 
Standard Oil Company (New Jersey) 


and affiliated companies. } 

“The ‘mass production and distribu 
tion methods necessary to satisfy the 
needs of people everywhere result in of 
ganizations which in our opinion caf 
best be administered by a decentralized 
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MAINTAINS TOUGHNESS ... PROMOTES SAFETY 
Retention of toughness at low temperatures may be secur- 
ed in units, large or small, by use of alloyed cast steel. The 
600 pound Crane valve shown above is an example, and the 

table below gives the mechanical properties of the metal. 


Here’s a metal for applications at extremely low temperature. 
At minus 150° F.... test pieces sectioned from representa- MINIMUM PHYSICAL PROPERTIES 


tive castings have shown an inherent toughness exceeding Tensile strength 65000 p.s.i 
15 foot-pounds Charpy impact resistance. 


Yield Point 40000 p.s.i 


7 


1 
rK UV! 


siness 


Basically an “ingot iron” of extremely low carbon content, fi Elongation . 25% 
fortified with 312 to 4 per cent Nickel, this alloyed cast steel Reduction of area 45% 
is produced by Crane Co. for valves and fittings exposed to Charpy Impact Resistance 
low temperature service in a wide range of industries. at room temperature 30 ft.-Ibs 


Consultation on problems involving the production, treat- | 7’ ale 
ment or application of Nickel alloys is invited. 


THE INTERNATIONAL NICKEL compPaANy,. INC. su"! 0% 
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form of management,” he said. “This 
type of administration increases the de- 
mand and opportunity for larger num- 
bers of skilled executives than ever be- 
fore. We believe it is one of the first 
duties of business to develop leaders of 
promise and provide the training for 
such executives.” 

Under the program, executive train- 
ing is based on a continuing analysis 
of executive functions and personnel by 
committees. These groups have full re- 
sponsibility for the success of their ac- 
tivities in selecting personnel of the 
greatest promise for development. After 
careful appraisals of the qualifications 
of selected personnel, steps are taken 
to fill gaps in experience. The com- 
pany is also sending men to educa- 
tional institutions for special courses, 
particularly in general business and 
management methods. 

Managements are encouraged to ap- 
point more than one assistant to de- 
partment heads as a means of provid- 
ing an insight into the operation of 
different branches of the business. Al- 
though recognizing that this practice 
sometimes results in over-staffing the 
departments from the strict point of 
view of the efficiency expert, the cost is 
considered justified when viewed in 
terms of the long-run benefit. 

Appointed to activate the program is 
George B. Corless, of Houston, veteran 
oilman, geologist and mining engineer 
who recently resigned from Humble Oil 
& Refining Company. He will maintain 
liaison with affiliated companies in ex- 
changing techniques in carrying on the 
executive training program. Corless is 
a graduate of the University of Michi- 
gan. He joined Humble in 1927 follow- 
ing several years of geological and min- 
ing work in Joplin, Missouri. He is a 
past chairman of the Petroleum Divi- 
sion of the American Institute of Min- 
ing and Metallurgical Engineers. 


Humble Conducts Lecture 
Series at Baytown Refinery 


Humble Oil & Refining Company has 
inaugurated an annual lecture series, 
which will give selected personnel of its 
Baytown plant the benefit of develop- 
ments in their fields. Dr. C. Price, Uni- 
versity of Notre Dame, completed the 
first series in August on “High Polymer 
Chemistry.” 

The series, “Humble Lectures in Sci- 
ence,” will be offered in two levels of 
scientific advancement, one at the high- 
est level, the other to correspond to uni- 
versity graduate work. Dr. F. A. Matson 
of the University of Texas has opened 
the graduate series with a course in 
physical chemistry. 

Among those who will follow Dr. 
Price in the 1946-47 series are Dr, E. R. 
Gilliland of Massachusetts Institute of 
Technology, whose subject is “Transfer- 
ence of Processes from Small to Large 
Scale”; Dr. R. C. Fuson of the Univer- 
sity of Illinois, who will present “Ad- 
vanced Topics in Hydrocarbon Chem- 
istry”; and Dr. K. S. Pitzer of the Uni- 
versity of California, who will lecture on 
“Spectra as Related to Structure and 
Thermodynamic Properties of Mole- 
cules.” These lectures will be given on 
a full time basis for a period of one to 
two weeks, and personnel selected for 
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the courses will devote full time to them. 

The second or graduate-level group of 
lectures is designed for technical and 
research people who have had little or 
no opportunity for university graduate 
study. Material presented to this group 
is of a rather broad general nature, and 
will be given over a longer period of 
time; classes will be held once a week 
for periods ranging up to nine months. 
Lecturers at the graduate level have 
been invited from near-by colleges and 
universities, such as The Rice Institute, 
the University of Texas, and other 
Southwestern schools. 

Joining Dr. Matsen about October 1 in 
the graduate series will be Dr. H. L 
Lochte of the Univeristy of Texas, with 
lectures on organic chemistry. 

All classes in both groups are small, 
and the number of technical and re- 
search personnel enrolled for each lec- 
ture is limited. Selection is upon the 
basis of the individual’s need for the 
material being presented, and attendance 
is part of regular duties, so as to make 
no incursions on the employe’s leisure 
time. 


200 Attend Instrument 
Course at Texas A. & M. 


The first annual short course on In- 
strumentation for the Process Indus- 
tries at Texas A. & M. College at- 
tracted 200 instrument engineers and 
others concerned with design, operation 
or maintenance of process plants to 
College Station on September 4-6. The 
course placed emphasis on instrument 
applications to continuous fluid-flow 
processes. It was arranged and directed 
by J. D. Lindsay of the department of 
chemical engineering, and P. G. Mur- 
dock, professor of chemical engineering 
at the college. A number of companies 
concerned with chemical processing, and 
manufacturers of instruments and auto- 
matic control equipment cooperated, and 
provided lecturers, including the follow- 
ing subjects: 

“The Economics of Instrumentation,” 
C. F. Comstock, Monsanto. Chemical 
Company; “Measurement of Liquid 
Flow and Level,” L. K. Spink, The 
Foxboro Company; “Measurment of 
Temperature and Pressure,” V. L. Par- 
segian, C. J. Tagliabue Division, Port- 
able Products Corporation; “Survey of 
Electrochemical Measuring Devices,” 
W. N. Greer, Leeds & Northrup Com- 
pany; “General Theory of Process Con- 
trol,” J. G. Ziegler, Taylor Instrument 
Companies; “Analysis of Light-Ends 
Fractionation,” E. D. Mattix, Cities 
Service Refining Corporation, Lake 
Charles, Louisiana; “Control of Primary 
Operating Variables,” J. B. McMahon 
and R. W. Landon, Republic Flow Me- 
ters Company; “Pneumatic Circuits for 
Measurement and Control,” W. B. 
Heinz, Penn Industrial Instrument Cor- 


poration; “Control Valve Characteris- 
tics,” Burris, Fisher Governor 
Company, and “Survev of Primary 


Measuring Devices,” D. M. Considine, 
Brown Instrument Company. 

Presiding at various sessions were: 
Professor Lindsay; C. F. Tears, Proc- 
ess Engineers, Inc., Dallas; Porter Hart, 
The Dow Chemical Company, Free- 
port; J. A. Parker, Shell Oil Company, 
Houston; J. Dvoracek, Climax -Engi- 
neering Corporation, Houston; M. K. 
Anderson, Carbide and Carbon Chemi- 
cals Corporation, Texas City, and W. 
H. Fortney. Humble Oil Refining 
Company, Baytown. 


WPRA Technical Meeting 
At Wichita, September 26 


Western Petroleum Refiners Associ. 
ations has planned its third regiona| 
technical meeting for the year to be 
held at Wichita, Kansas, on September 
26. T. A. Helling, El Dorado Refining 


Company, El Dorado, Kansas, wij) 
serve as chairman of the meeting, which 
convenes in the Broadview Hotel at 
p.m. 
“Recent Advances in Catalytic De. 
sulphurization of Refinery and Natural 
Gasolines” is to be discussed by M. W. 
Conn and. George M. Bruno of Phillips 
Petroleum Company, Bartlesville, Okla- 
homa. Much of the data to be presented 
is of wartime origin and hitherto un- 
published, it was said. The subject was 
selected by the association’s manufac- 
turing committee as one of considerable 
interest. to many refiners in the Mid- 
Continent area, and especially those 
without catalytic-cracking facilities. 
“Disposal Water Treating at Talco 
Refinery” is to be presented by C. G. 
Rook, Jr., water chemist for Talco As- 
phalt and Refining Division, American 
Liberty Oil Company, who will discuss 
how this problem has been successfully 
handled at Talco, Texas. 7 
Discussions from the floor will follow 
presentation of the papers. 


NGAA Returns to Dallas 
For 1947 Convention 


The twenty-sixth annual convention 
of the Natural Gasoline Association of 
America will be held April 23-25, 1947, 
in the Baker Hotel, Dallas, according 
to William F. Lowe, secretary. Origi- 
nally scheduled to be held in Tulsa pre- 
ceding the International Petroleum Ex- 
position, a return to Dallas in 1947 was 
decided after postponement of the ex- 
position until 1948. 

In stressing the need for early reser- 
vations, Lowe stated, “The growth in 
registration in recent years and the 
difficulty in obtaining hotel accommo- 
dations, have made it necessary to solicit 
the aid of all the leading hotels in 
meeting the requirements. Both the 
Baker and Adolphus hotels have al- 
ready agreed to reserve large blocks of 
rooms and will accept reservations at 
any time, giving preference to requests 
for double occupancy.” 


API National Oil Policy 
Committee Announced 


Appointment of a committee on na- 
tional oil policy, of the American Petro- 
leum Institute, authorized by the board 
of directors at its Dallas meeting June 
25, has been announced. 

The committee, to be appointed an- 
nually, is to “discuss problems of na- 
tional import to the industry, and from 
time to time submit its findings and rec- 
ommendations to the board of direc- 
tors.” 

A. Jacobsen, Amerada Petroleum Cor- 
poration, New York, is chairman. Mem- 
bers are: K. S. Adams, Phillips Petro- 
leum Company, Bartlesville, Oklahoma; 
Robert H. Colley, The Atlantic Refining 
Company, Philadelphia; H. D. Collier, 
Standard Oil. Company of California, 
San Francisco; Henry M. Dawes, The 
Pure Oil Company, Chicago; O. D. 
Donnell, The Ohio Oil Company, Find- 
lay, Ohio; J. Frank Drake, Gulf Oil 
Corporation, Pittsburgh; W. H. Fergu- 
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Mbpvatoy 2512 (25% chromium, 
12% nickel) is a cast alloy possessing 
high corrosion resisting qualities. It is 
melted in induction furnaces to exacting 
specification, and contains carbons to 
O07 max., .10 max., .16 max. or higher as 
needed. To meet your particular problem, 
otheralloys such ascolumbiumand molyb- 
denum may be added. MIDVALOY 2512 
is used extensively by the paper pulp 
industry for digesters, pumps, impellers, 


strainer fittings, valve bodies and parts. 


MIDVALOY 2512 in low carbon is 


produced regularly in the foundry. 


THE MIDVALE COMPANY + NICETOWN + PHILADELPHIA 


OFFICES: NEW YORK « CHICAGO e¢ PITTSBURGH 
WASHINGTON « CLEVELAND e SAN FRANCISCO 





One of eight plants to retain 
original Navy “E” 
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PLASTIC PIPE, TUBING 
AND FITTINGS 


by Commercial 





A typical installation 
of Saran plastic tub- 
ing that shows its ex- 
treme flexibility and 
fatigue strength. 





















Part of an installation 
of Saran plastic pipe 
thet shows some of 
the standard fittings 
available. 






There are few, if any, refineries, 
that could not save time, 
trouble and money by installing 
Saran plastic pipe and tubing 
for those piping systems for 
which it is so peculiarly well 
fitted to perform an efficient 
and lasting job. Consult our 
Engineering Department or 
write for Catalog No. PT 46. 


COMMERCIAL 
PLASTICS CO. 


201 NORTH WELLS STREET 


CHICAGO 6, ILLINOIS 








son, Continental Oil Company, Denver; 
Walter S. Hallanan, Plymouth Oil 
Company, Pittsburgh; B. A. Hardey, 
Independent Petroleum Association of 
America, Shreveport, Louisiana; George 
A. Hill, Jr.. Houston Oil Company of 
Texas, Houston; Eugene Holman, 
Standard Oil Company (New Jersey), 
New York; W. F. Humphrey, Tide 
Water Associated Oil Company, San 
Francisco; B. Brewster Jennings, So- 
cony-Vacuum Oil Company, New York; 
W. Alton Jones, Cities Service Com- 
pany, New York; John M. Lovejoy, 
Seaboard Oil Company of Delaware, 
New York; A. C. Mattei, Honolulu Oil 
Corporation, San Francisco; J. Howard 
Pew, Sun Oil Company, Philadelphia; 
Frank M. Porter, Mid-Continent Oil & 
Gas Association, Oklahoma City; W. S. 
S. Rodgers, The Texas Co, New York; 
Charles F. Roeser, Roeser & Pendleton, 
Inc., Fort Worth; Reese H. Taylor, 
Union Oil Company of California, Los 
Angeles; H. L. Thatcher, National 
Council of Independent Petroleum As- 
sociations, Chattanooga, Tennessee; Al- 
bert E. Watts, Sinclair Oil Corporation, 
New York; H. C. Wiess, Humble Oil & 
Refining Company, Houston; Robert E. 
Wilson, Standard Oil Company (In- 
diana), Chicago; Ralph T. Zook, The 
Sloan & Zook Company, Bradford, 
Pennsylvania. 


Grebe and Doremus Offer 
Refinery Consulting Service 
H. A. Grebe and E. P. Doremus have 


established engineering services as re- 
finery and light-hydrocarbon- process 
consultants, with offices at 919 Fannin 
Street, Houston 2, Texas. The new com- 
pany will specialize in economic sur- 
veys, efficiency improvement, and en- 
gineering design for the smaller refiners. 


H. A. Grebe was educated at The 
Rice Institute, securing a B.S. degree 
in 1929, and on graduation was em- 


ployed by The Texas Company where 
he served as assistant to the vice presi- 
lent and general manager in. charge of 
technical service for all refineries. 
Crebe joined the J. S. Abercrombie 


H. A. GREBE 
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Company and Harrison Oil Company 
in 1943, as superintendent of their Old 
Ocean refinery near Sweeny, Texas, 
taking part in the construction and op- 
eration of that plant until it was closed 
at the end of the war with Japan. 

E. P. Doremus was educated at South- 
western Louisiana Institute, securing a 
B. S. in chemistry in 1935, and at Lou- 
isiana State University where he ob- 
tained a M.S. in organic chemistry in 
1936. He was employed by Shell Oil 
Company in 1936 in its research and 
development department where he 
worked until 1943 when he, too, joined 
J. S. Abercrombie Company and Harri- 
son Oil Company, as chief chemist and 
process engineer at Old Ocean refinery, 
serving there until the end of the war. 


250 Attend A. and I. Short 
Course in Gas Technology 


More than 250 engineers and gas com 
pany officials were at the first annual 
short course in gas technology at Texas 
College of Arts and Industries, Kings- 
ville, Texas. Under the direction of Dr. 
Frank H. Dotterweich, head of the de- 
partment of engineering, and sponsored 
by the Southern Gas Association, the 
course contained more than 28 lectures 
The three sections of the course con- 
sisted of natural-gas products, gas trans- 
mission, dehydration, air conditioning 
dehydration of food and agricultural 
products, and the latest developments 
in gas-turbine design. 


Hanneken Retires After 
44 Years in Refining 


George W. Hanneken, vice president 
of The Standard Oil Company (Ohio) 
retired September 1 after 44 years of 
activity in the petroleum refining in- 
dustry. Hanneken came to the com- 
pany in 1917 to assist in planning con- 
struction of the Toledo plant. This was 
delayed for two years because of the 
first World War. When the plant was 
completed he remained as_ superinten- 
dent, where he remained until 1936 when 
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he became general manager of the com- 
pany’s manufacturing department with 
headquarters in Cleveland. He was 
elected vice president in charge of man- 
ufacturing three years later. 

Hanneken went into refinery work as 
a pipe fitter’s helper when Standard Oil 
Company of Kansas was enlarging its 
plant at Neodesha, Kansas. He remain- 
ed there as a pumper, boiler fireman, 
water-station engineer, stillman, night 
foreman and finally foreman of the 
cracking and coking stills. 


Standard of Ohio Plans 
Lubricating Oil Plant 


The Standard Oil Company (Ohio) 
has announced plans of expanding 
$8,000,000 on construction of a 2000- 
barrels-per-day lubricating-oil plant at 
its Toledo refinery. As materials become 
available, it is hoped work ean begin in 
the spring of 1947 and the plant will be 
ready for operation in 1948. 


Humble Plans Lubricants 


Unit at Baytown Refinery 
Humble Oil & Refining Company has 


let contract for design and construction 
of a 4600-barrel-per-day solvent dewax- 
ing unit at Baytown, Texas, to E. B. 
3adger & Sons Company of Boston, 
Massachusetts. 

The Methyl-Ethyl-Ketone process, li- 
censed by Texaco Development Corpor- 
ation, will be employed. It is anticipated 
that the plant will be placed in opera- 
tion during 1947. 


Carter Oil Company Plans 
Billings, Montana, Refinery 


The Carter Oil Company has an- 
nounced plans for construction of an 
18,000-barrel refinery at Billings, Mon- 
tana. It will include a catalytic-cracking 
unit. Plans are far advanced and con- 
struction will start as materials are 
available, but it probably will be 1948 
before the plant will be finished, it was 
said. 


Celanese Corporation Plans 
Petroleum Chemicals Lab 


Construction of a $3 million research 
center by Celanese Corporation of 
America is well underway, and _ initial 
Operations probably will begin within 
the next month, officials of the company 
have announced. 

_ An outgrowth of the Celanese Chem- 
ical plant at Bishop, Texas, where 
chemicals are produced from natural 
gas, the center's prime research pur- 
pose will be for investigation and re- 
search connected with chemicals that 
can be derived from petroleum or pe- 
troleum derivitives. It will work to- 
ward improvement of present operation 
and processes used at the Bishop plant 
and to development of new processes 
for Output of the same products in more 
elicient, less expensive ways. It also 
will conduct research to utilize present 
Products in other processes to make 
hew or improved materials. In addition, 
it will train technicians and operators. 

ocated on a 50-acre tract 6 miles 
west of Corpus Christi, the research 
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Equipotse PRECISION 


Bimetallic Dial Thermometers 


for every industrial and laboratory use 


Widely used in power plants, chemical plants, oil refineries, and gasoline plants. Also 
on refrigeration, air conditioning and electrical equipment. 


Many standard ranges are available between the limits of minus 90° F. and 1000° F. 


® Easy to Read Dial 
® Instantaneous Response 

@ Only One Moving Part 

© High Over-range Protection 

© Individually and Permanently Calibrated 
® No Pinions, Gears or Linkages 
¢ Calibration Unaffected by Vibration 
® Durable Stainless Case, Connection Nut & Stem 
® Available with Tempered, Non-Breakable Crystals 

® Available in 2, 3 & 6 inch Dial Sizes 

© Heavy Duty Sockets are Standard 
® Low Cost——No Maintenance 


EQUIPOISE CONTROLS 


Dept. R, 100 Stevens Ave. Mt. Vernon, New York 
REPRESENTATIVES 

Los Angeles—Brooks Equipment Co. Chicago, I11.—Nielsen & Fryer, Inc. 

San Francisco—Brooks Equipment Co. Detroit—D, T. Randall & Co. 

Seattie—Brooks Equipment Co. Pittsburgh—Earl E. Whitaker 

New Orleans—Climax Industries Boston, Mass.—Robert T. Forbes 

Heuston—Climax Industries Charlotte, N. C.—Alexander L. Schenck Co. 

Corpus Christi—Climax Industries Atlanta, Ga.—Garrard, Sudderth & Seat 

Fort Worth—Climax Industries Jacksonville, Florida—Richard Barthelmess Sales Co, 

Wichite Falls, Tex.—Climax Industries Albany, N. Y.—Carl J. Schultz 

Odessa, Tex.—Climax Industries Richmond, Virginia—Precision Scientific Co. 

Tulse, Okia.—Climax Industries Washington, D. C.—Precision Scientific Co. 

Kansas City, Mo.—Mooney Engineering Co. Baltimore, Md.—Precision Scientific Co. 

St. Louis, Mo.—MacGregor & rs Co. Philadelphia, Pa.—Precision Scientific Co. 
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laboratory will have its own mainte- 
nance, construction and fine instrumen- 
tation departments and its facilities will 
include the latest developments in low- 











Earl Stewart of Dallas, winner of the 1946 
Premier invitation tournament, putting while 
Wilford Wehrle, Louisville, watches. 


\ HEN Premier Oil Refining Com- 
pany added a nine-hole golf course to 
its facilities at Greggton, Texas, where 
its first refining plant was built in 1935, 
the objective was to provide an oppor- 
tunity for employes and their friends to 
enjoy recreation as they liked. But fa- 
cilities for playing golf proved so at- 
tractive that now the company spon- 
sors an invitation tournament each year. 
At these events personnel of the sev- 
eral company plants can compete with 
golf players especially invited. 

The pictures shown here were taken 
at the 1946 invitation meet, which drew 
128 entries, whose fees went to the Gon- 
zales Warm Springs Foundation for 
Crippled Children. The year previous 
the entrance money went to one of the 
Army hospitals. 

The course is laid out on 50 acres 
surrounding the plant. In one case the 
hazard is a corner of the plant yard. 
The course is maintained by the com- 
pany gardner. Grass greens and sand 
traps combine to make it sufficiently 
difficult for expert playing. 

Even the professional has his refin- 
ery connection. When “Pee Wee” Par- 
vino is not on duty as a process unit 
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temperature ultimate distillation appar- 
atus spectrometric analysis and elec- 
tronic devices. There will be more than 
5,000 square feet of laboratory space. 
Besides the service buildings and cool- 
ing towers, present plans call for a mod- 
ernistic stone main laboratory which 
will have unique, adjustable inside par- 
titions to provide for enlargement of 
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Sylvester Dayson (center), president of Premier — 


Oil Refining Company, watches some of the 
action in the company golf tournament, whose 
entrance fees go to a selected charitable cause. 


operator in the plant he gives instruc- 
tions on how to get distance and ac- 
curacy. 

Public interest in the event can be 
estimated from attendance of 800 at the 
barbecue which opened the tournament 
August 23. The event has been carried 
over one of the Texas radio chains for 
the past two years, 


jabs as needed. Pilot plants are to be 
provided for use in final experimenta- 
tion, and provision is being made for a 
library and for outdoor recreation facili- 
ties. Plans are going forward under 
direction of Joseph E. Bludworth, direc- 
tor of petroleum chemicals research and 
development division of the company. 


New Refinery Is Planned 
By Egyptian Government 


The Egyptian government is planning 
to erect a new petroleum refinery with 
an intake of 2800 barrels daily. The 
plant will be located on the same plot 
as the government’s existing Suez re- 
finery, which handles about 1400 bar- 
rels daily. The present refinery, al- 
though said to be nearing the end of its 
economic life, will be left intact, so that, 
if necessary, the two plants could handle 
4200 barrels daily. 


Experts to Germany to 
Study Synthetic Fuels 


Four American technical experts as- 
sociated with Hydrocarbon Research, 
Inc., are en route to Germany to in- 
vestigate development in that country 
of synthetic liquid fuels, as representa- 
tives of the Office of Technical Services 
of the Department of Commerce. 

The major objective of the group is 
to study the use by German scientists 
of oxygen in the synthesis of liquid 
hydrocarbon products, including syn- 
thetic gasoline, lubricants and the heav- 
ier hydrocarbons, as well as German 
methods for producing oxygen. 

Members of the group are Dr. Clar- 
ence A. Johnson, Norman F. Buschow, 
Edward G. Engel, and Dr. Judson S. 
Swearingen. They are serving the OTS 
without compensation, and their living 
and traveling expenses are being paid 
by their company. 


Refining Outlet Sought 
For Brazil’s Production 


Crude oil production in the govern- 
ment-owned and operated fields in Bra- 
zil averaged about 220 barrels per day 
during the first quarter of 1946. 

Efforts to extend the fields were dis- 
appointing. Many producing wells re- 
main shut in for lack of refining ca- 
pacity. 

The National Petroleum Council has 
authorized four Brazilian financial 
groups to present final proposals for 
construction of four refineries. Two re- 
fineries, one of 10,000 and one of 6000 
barrels daily capacity, are to be built in 
Sao Paulo. The other two, each of 8000 
barrels daily capacity, are slated for 
Rio de Janeiro. 

It is planned to operate the refineries 
on imported crude, and to distribute 
products through the facilities of the 
companies now importing refined prod- 
ucts into Brazil. 


Sanders Made Technical 
Manager Standard of Ohio 


Dr. F. J. Sanders has been appointed 
to the new position of technical man- 
ager of the manufacturing department 
of The Standard Oil Company (Ohio). 
He was replaced as manager of the 
company’s No. 2 refinery at Cleveland 
by Forest G. Brown who has been man- 
ager of the lithograph can factory at 
that plant and now will combine the 
two positions. 
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Abstracts of Papers Presented Before 


Division of Petroleum Chemistry, American Chemical Society 


Chicago, Illinois, September 9-14, 1946 








Evaluation of Laboratory Distillation Appa- 
ratus, Improved Oldshaw Glass Bubble 
Plate Columns, Automatic Still Heads, 
and Accessories. 

FraNK C. CoLLINS AND VERNON LANTz, 

Shell Development Company, Emery- 

ville, California. 

Optimum Dilution in Solution Filtration. 
E. J. REEVES, Technical Department, 
Refining Division, Magnolia Petroleum 
Company, Beaumont, Texas. 

\ useful relationship was derived for 
calculating optimum dilution in solvent 
dewaxing of lubricating oil stocks. This 
relationship is based on‘ an empirical 
equation which was also developed for 
expressing the change in viscosity of 
the oil with the quantity of solvent used 
within the commercial ranges of opera- 
tion. Observed and calculated data are 
shown to be in good agreement. 


Polymers and Viscosity Index. 

H. C. Evans anp D. W. Younc 

Using data obtained during a study 
of the effect of temperature on the vis- 
cosity of high-molecular-weight poly- 
butene in pure solvents the authors pre- 
sent a graphical interpretation of vis- 
cosity-index improvement by certain 
polymers and explain why the ability 
to improve the viscosity index is lim- 
ited to polymers having definite solu- 
bility characteristics by choosing poly- 
mers of varying composition and solu- 
bility properties and blending each poly- 
mer into a number of oils varying from 
minus 324 to plus 105. Viscosity-index 
data and curves are presented showing 
that the relative viscosity index-improv- 
ing ability of the various polymers va- 
ries with the chemical structure and 
the order of their potency varies with 
the viscosity index of the oil in which 
they are blended. 


Evaluation of Laboratory Distillation Appa- 
ratus. Improved Oldshaw Glass Bubble- 
Plate Columns, Automatic Still Heads, 
and Accessories. : 
FRANK C. CoLLINS AND VERNON LANTz, 
Shell Development Company, Emery- 
ville, California. 

Novel test methods have been devel- 
oped for evaluating laboratory distil- 
lation apparatus under conditions ap- 
proximating actual operation rather than 
under ideal conditions for maximum 
Separation. In particular, the effect of 
reflux ratio on efficiency and separa- 
tion has been studied. Test methods for 
evaluating the other principal charac- 
teristics of distillation apparatus are 
also described in detail. 

The Oldshaw glass bubble-plate 
column has been improved and studied 
using the described test methods. The 
column has been found to be highly 
Satistactory for analytical distillations 
ot hydrocarbon mixtures because of 
unitormity of its operating characteris- 
tics. Automatic still heads and other 
accessory equipment have been devel- 
oped which contribute to the uniform- 
ity of the performance of the column. 





Phase Relationships in Houdry Heat-Trans- 
fer Salt Systems. 
J. ALEXANDER, JR., AND S. G. HINDIN, 
Houdry Process Corporation of Penn- 
sylvama, Marcus Hook, Pennsylvania. 
A phase diagram is presented which 
gives in detail the initial freezing points 
of the system sodium-potassium-nitrite- 
nitrate; a portion of which represents 
the heat transfer material used in Hou- 
dry fixed-bed catalytic-cracking units. 
Other diagrams are given which show 
the effects on the commercially used 
portion of this system of certain chem- 
ical reactions which tend to take place 
as the mixture ages. These reactions 
include the oxidation of nitriteion to 
nitrateion, and the formation of hydrox- 
ide and carbonate ions as a result of 
internal oxidation-reduction followed by 
the absorption of water vapor and COs. 
Processes for the commercial control 
of these reactions are discussed. The ex- 
perimental methods used in the study 
are also described. 


The Use of Tannins and Allied Chemicals in 
Mercaptan Removal Treating Processes. 
JoHN Happer anv S. P. CAutey, 
Technical Service Division, ,General 
Laboratories, Socony-Vacuum Oil Com- 
pany, Inc. 

Alkali-soluble catalysts have been 
found with which a rapid economical 
regeneration of treating solutions, used 
for removal of mercaptans from gaso- 
line, can be effected through air blow- 
ing. Representative of the groups of 
compounds which have been investi- 
gated and found to be effective for this 
purpose are: Tannins, gallic acid, hy- 
droquinone, and pyrogallol. 

The influence of temperature concen- 
trations and other variables upon oxi- 
dation rates of mercaptans is given. 

Methods of using the catalysts in 
mercaptan-removal processes are dis- 
cussed. The use of catalysts for regen- 
eration of treating solutions presents 
a new approach to methods of mer- 
captan removal from gasolines and 
should result in wider application of 
this method of gasoline treatment. 


Studies of Naphthas from Fluid-Catalyst 
Cracking. 
C. E. Starr, Jr, J. A. TILrton, AND 
W. G. Hocxsercer, Esso Laboratories, 
Standard Oil Company of New Jersey, 
Louisiana Division, Baton Rouge, Lou- 
stana, 


The compositions of fluid catalyst 
cracked naphthas vary within wide lim- 
its depending upon (a) changes in op- 
erating conditions, (b) types of catalyst 
employed, and (c) feed stocks used. The 
compositions of nine naphthas are pre- 
sented to illustrate the types of prod- 
ucts obtained at low and high cracking 
temperatures with varying cracking se- 
verities, employing clay and synthetic 
catalysts with several paraffinic and 
naphthenic feed stocks. Composition 
data show that a number of valuable 
hydrocarbons, such as toluene, are pres- 
ent in the cracked naphthas to an ex- 
tent making feasible their removal. The 
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flexibility of the fluid-catalyst cracking 
process permits operations for produc- 
tion of high-quality fuels concurrent 
with a number of hydrocarbons that 
are individually valuable as raw mate- 
rials for chemical’ manufacture. 


Testing of Cracking Catalysts. 

M. E. Conn anp G. C. CoNNALLY. 

A fixed-bed method for testing crack- 
ing catalysts is described and data are 
given to indicate how the test reSults 
have been applied to show the effect 
of catalyst quality on yields in fluid- 
catalyst cracking units. Other points 
of interest include the following: (a) 
cracking activity expressed as through- 
put for a given conversion of linear with 
surface area for catalysts of a given 
chemical composition; and (b) carbon 
formation is increased when the cata- 
lyst has or acquires dehydrogenating 
properties. The advantages and disad- 
vantages of various types of testing 
units are briefly discussed. 


A Mechanism of Catalytic Cracking. 

R. C. Hansrorp, Socony-Vacuum Lab- 

oratories, Paulsboro, New Jersey. 

A mechanism for the catalytic crack- 
ing of hydrocarbons in the presence of 
typical catalysts of the silica-alumina 
type is proposed, based on the accep- 
tance of protons from the hydrocarbon 
by adsorbed water and on the dona- 
tion of protons to the hydrocarbon by 
the catalyst. Water-deficient catalysts 
have low cracking activity, and deu- 
terium oxide adsorbed on cracking cata- 
lysts readily exchanges deuterium for 
hydrogen in adsorbed hydrocarbons at 
temperatures far below those required 
for cracking. The high concentration of 
protons on the surface of silica-alumina 
as compared to that on pure silica gel 
further substantiates the proposed 
mechanism. 


Molal Refractions of Mononuclear Aromatic 
Hydrocarbons, 

NANcy CorBin, MAryY ALEXANDER, AND 

Gustav Ectorr, Universal Oil Products 

Company, Chicage, Illinois. 

The molal refractions of mononuclear 
aromatic hydrocarbons are additive in 
a homologous series, and may be ex- 
pressed by an equation of the form 

R=k-+ an 

where R = molal refraction, calculated 

by either the Lorenz-Lorentz formula 

or the Gladstone-Dale formula, and n 

= the number of carbon atoms. The 

constants a and k have been evaluated 

by the method of least squares for 14 

homologous series of mononuclear aro- 

matic hydrocarbons. 

Hydrogenation of Catalytically Cracked 
Naphthas for Production of Aviation 
Gasolines. 

ALEXIS VooRHIES, JR, AND W. M. 

SmitH, Esso Laboratories, Standard 

Oil Company of New Jersey (Louisiana 

Division), Baton Rouge, Louisiana, and 
C. E. Hemm™incer, Esso Laboratories, 

Standard Oil Development Company, 

Elizabeth, New Jersey. 

Hydrogenation of the olefinic con- 
stituents of catalytically cracked avia- 
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tion gasolines to the corresponding par- 
affins with hydrogenation of aromatic 
constituents to naphthenes results in a 
gasoline of improved stability and lean- 
mixture octane number after addition 
of lead, with no sacrifice in rich-mixture 
rating. Commercial operation of the hy- 
drogenation process for the improve- 
ment of fluid-catalyst cracked aviation 
gasolines has been successfully carried 
out both at 150 and 3000 psi pressure 
using rugged sulfur-resistant catalysts 
of satisfactory activity and life. 


The Determination of Aromatics in Petro- 
leum Distillates. 
RicnHarp M. Gooprinc AND RatpH L. 
Hopkins, Petroleum Experiment Sta- 
tion, Bureau of Mines, 


Total aromatics, benzene aromatics, 
and naphthalene aromatics in straight- 
run crude-oil fractions boiling below 
325° C. are determined from filtration 
of 100-ml. samples through silica gel. 
The sample is adsorbed on 175 grams 
of silica gel packed in a 5-foot vertical 
glass column and then eluted by iso- 
propyl alcohol or some other suitable 
desorbent. The process separates the 
sample into a paraffin-naphthene mix- 
ture and an aromatic mixture. The vol- 
umes and refractive indices of the fil- 
trate fractions indicate the amount of 
total aromatics in the sample. The vol- 
ume and refractivity intercept (n-0.5d) 
determine the volume-percent of naph- 
thalene type aromatics. 


The Chemical Refining of Aromatic Hydro- 
carbons from Petroleum Toluene Treating. 

P. L. Branopt, R. J. Lee, anp F. T. 

WapswortH, Pan American Refining 

Corporation, Texas City, Texas. 

The problems connected with the 
chemical refining of toluene from pe- 
troleum sources are discussed. Investi- 
gations with pure hydrocarbons have 
shown that diolefins are very harmful 
in the acid-wash color test even at very 
low concentrations (0.005 to 0.01 per- 
cent). Most mono-olefins have little ef- 
fect on acid-wash color. Reactions with 
maleic anhydride have confirmed these 
conclusions and a toluene-treating proc- 
ess using 0.005 to 0.01 percent maleic 
anhydride has been shown to produce 
toluene of exceptional acid-wash color 
stability. 

Vapor-phase treating with U.O.P. 
phosphoric acid catalyst is shown to be 
an effective method of toluene treat- 


ing. Data are also presented on the 
variables in conventional sulfuric acid 
treating. 


Method of Calculation of Weight Percent 
Ring and Number of Rings per Molecule 
for Aromatics. 


M. R. Lipkin anv C. C. Martin, Sun 

Oil Company, Norwood, Pennsylvania. 

This paper continues the series of 
physical property analytical methods 
based on the temperature coefficient of 
density. Percent ring and average num- 
ber of rings per molecule for mixtures 
of alkyl aromatic hydrocarbons are de- 
termined from density and density co- 
efficient, which may be derived from 
mid-boiling point and density. The 
methods have been found accurate, on 
pure compound data, within 3 percent 
ring and 0.1 ring per molecule. Aro- 
matics with naphthenic or olefinic side 
chains cause some interference but are 
usually not present in sufficient con- 
centrations to affect significantly the ac- 
curacy of the methods for petroleum 
fractions boiling below 400° C. 
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Nitrogen Tetroxide Method for the Deter- 
mination of Olefinic Unsaturation of Pe- 
troleum Hydrocarbons in the Gasoline 
Boiling Range. 

G. R. Bonn, Jr. 


Nitrogen textroxide reacts selectively 
with olefinic hydrocarbons, converting 
them into addition products of low 
volatility, called nitrosates. Paraffins, 
naphthenes, and aromatics in the gaso- 
line boiling range are: unreactive under 
the conditions of the test. Two methods 
are described for the quantitative re- 
covery and estimation of the unreacted 
hydrocarbons, (a) by steam distillation 
or (b) by reacting the nitrosates with 
alcoholic KOH and K,S to convert 
them into compounds soluble in 50 per- 
cent alcohol, leaving the insoluble, un- 
reacted hydrocarbons for measurement. 
These methods possess several marked 
advantages over the usual halogen-num- 
ber procedures. 


The Determination of Olefins, Aromatics, 
Paraffins, and Naphthenes in Gasoline. 
S. S. Kurtz, Jr, I. W. Mitts, C. C. 
Martin, W. T. Harvey, anp M. R. 
Lipkin, Sun Oil Company, Norwood 
and Marcus Hook, Pennsylvania. 


A method of analysis is described 
which is suitable for the determination 
of olefins, aromatics, paraffins, and 
naphthenes in gasolines. The method 
is more reliable than previously pub- 
lished methods in that it contains sev- 
eral improvements in analytical proce- 
dures and several internal cross checks. 

The sum of the olefins plus aromatics 
(total unsaturates) is determined by 
controlled acid treatment using 30 per- 
cent P:O;s and 70 percent H:SO,. Ole- 
fins are determined by bromine number 
or by the N:O, procedure of G. R. 
Bond. Aromatics are determined by spe- 
cific dispersion or by subtracting the 
percent olefins from the total unsatur- 
ates. 


Purification, Purity, and Freezing Points of 
7 Heptanes, 16 Octanes, 6 Pentenes, 
Cyclopenten, and 7 C;H,. Alkylbenzenes 
of the API-Standard and API-NBS Series. 


Anton J. Stretrr, Evetyn T. Murpry, 
Vincent A. SeptaK, CHarres B. Wit- 
LINGHAM, AND FReEpERTCK D. Rossrtnt. 
American Petroleum Institute Research 
Project 6, National Bureau of Stand- 
ards, Washington. 


This report describes the purification 
and determination of freezing points 
and purity of the following 37 hydro- 
carbons of the API-Standard and APT- 
NBS series: 


PARAFFINS 


3-Ethylhexane 
2,2-Dimethylhexane 


2-Methylhexane 
3-Methylhexane 


3-Ethylpentane 2.3-Dimethylhexane 

2,2-Dimethylpentane 2,4-Dimethylhexane 

2,3-Dimethylnentane 2,5-Dimethylhexane 

2,4-Dimethylpentane 3,3-Dimethylhexane 

3,3-Dimethylpentane 3.4-Dimethylhexane 
n-Octane 2-Methyl-3-ethylpentane 
“4 Methylheptane 3-Methyl-3-ethylpentane 
3-Methylheptane 2.2.3-Trimethylpentane 
4-Methylheptane 2,3,3-Trimethylpentane 
2,3,4-Trimethylpentane 


ALKYLBENZENES 
n-Propylbenzene 1,2,3-Trimethylbenzene 
1-Methyl-2-ethylbenzene 1,2,.4-Trimethylbenzene 
1-Methyl-3-ethylbenzene 1,2,5-Trimethylbenzene 
1-Methyl-4-ethylbenzene 

MONOOLEFINS 


3-Methyl-1-butene 
cis-2-Pentene 2-Methyl-2-butene 
trans-2-Pentene Cyclopentene 
2-Methyl-1-butene * 


1-Pentene 


of the API-Standard and API-NBS Series, 


Anton J. Streirr, EveLyn T. Murpuy, 


Janice C. Canmt, HELen F. FLana- 


GAN, Vincent A. SEDLAK, CHARLES 





B. ‘WILLINGHAM, AND FREDERICK dD. 


Rossini, American Petroleum Institute 





Research Project 6, National Bureau of | 


Standards, Washington. 





This ‘report describes the purifica-) 
tion and determination of freezingy 


points and purity of the following 






hydrocarbons of the API-Standard and 


API-NBS series: 


PARAFFINS 

-Nonane 

5-Trimethylhexane 
4-Trimethylhexane 
,3,3-Tetramethylpentane 
3,4-Tetramethylpéntane 
,4,4-Tetramethylpentane 
3,4-Tetramethylpentane 
Diethylpentane 


ALKYLCYCLOPENTANES 
Ethylcyclopentane 
1,1-Dimethylcyclopentane 
cis-1,2-Dimethylcyclopentane 
trans-1,2-Dimethylcyclopentane 
trans-1,3-Dimethylcyclopentane 
n-Propylcyclopentane 
Isopropylcyclopentane 
1,1,2-Trimethylcyclopentane 
1,1,3-Trimethylcyclopentane 
cis cis ,trans-1,2,4-Trimethylclocypentane 
cis,trans,cis-1,2,4-Trimethylcyclopentane 

ALKYLCYCLOHEXANES 
Ethylcyclohexane 
1,1-Dimethylcyclohexane 
cis-1,2-Dimethylcyclohexane 
trans-1,2-Dimethylcyclohexane 
cis-1,4-Dimethycyclohexane 
trans-1,4-Dimethylcyclohexane 


ALKYLBENZENES 
n-Butylbenzene 
Isobutylbenzene 
sec-Butylbenzene 
tert-Butylbenzene 


Purification and Sealing “in Vacuum” of 
NBS Standard Samples of Hydrocarbons, 
BevertpceE J. Marr, Domenic J. Tm 
MINI, CHARLES B. WILLINGHAM, AND 
FrepericK D. Rosstnt, 
Standard Samples Laboratory, National 
Bureau of Standards, Washington. 
This report describes the procedure 

and apparatus used in the purification 

and selling “in vacuum” of the follow- 
ing 19 NBS standards samples of hy- 
drocarbons: 


gesenene 


2, 
4, 
2 
22, 
2 
‘3, 
3- 


G2 bobo be 


n-Pentane Cyclohexane 
Isopentane Methylcyclohexane 
n-Hexane Benzene 
2-Methylpentane Toluene 
3-Methylpentane Ethylbenzene 
2,2-Dimethylbutane o-Xylene 
2,3-Dimethylbutane m-Xylene 
n-Heptane p-Xylene 

2.2.4 TTrimethylpentane Isopropylbenzene 
Methylcyclopentane \s 


The Use of the Grignard Reaction in the / 

Synthesis of Hydrocarbons. 

J. Donatp Grsson, Frank W. HAECKL, 

Joun C. Bettz, Louts C. Grssons, 

GRANT CRANE, Ropert H. ARROWSMITH, 

Harry E. RISHER, GERALD T. LEATHER- 

MAN, Henry H. 'CHANAN, Rosert W. 

SHORTRIDG E, AMos TuRK, Jutes I. SHA- 

PIRO, Tuomas H. Newsy, Epcar A. 

CADWALLADER, MELVERN C. Horr, Wat- 

TER C. Epmiston, Tuomas S. Hom 

son, KENNETH W. GREENLEE, ALBERT 

L. Henne, AND Cectt E. Boorp, Depart- 

ment of Chemistry, The Ohio State 

University, Columbus, Ohio. 

In the course of an extended research 
on the components of gasoline, spot 
sored by the American Petroleum In- 
stitute and the Research Foundation of 
this university, 153 hydrocarbons have 
been synthesized and/or purified im 
quantities of half a pint to f gallons. 
Of this total, 61 were prepared by 
schemes involving the Grignard reac- 
tion in one or more steps and some 0 
them were prepared by 2 or 3 suc 
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STORAGE TAS 


..Chicago Bridge & Iron Company products cover the field of steel plate structures for the petroleum refiner 


, = can’t expect maximum capacity and mini- 
mum evaporation losses without the use of “tailor- 
made” stee! plate structures. Many refineries call 
on us for fabricating and erecting their steel plate 
needs because we have the “know how” and expe- 
rience to build equipment to fit the service. The 
Hortonspheroids shown above and the catalyst bins 
on the opposite page, erected at a refinery in Texas, 
are typical examples of our service to the industry. 

Crude oils produced in Gulf Coast fields are 
processed at this refinery, When the first crude was 
charged in 1931, the capacity was 5,000 bbls. per 
day. Now the rated capacity is approximately 
30.000 bbls. daily. 

Present facilities at this refinery include crude 


CHICAGO BRIDGE & IRON COMPANY 


5626 Clinton Drive 

2146 Healey Bidg. 

1548 N. Fiftieth St. 
2463 McCormick Bidg. 
1434 Wm. Fox Bidg. 
1251-22 Battery St. Bidg. 


Plants in BIRMINGHAM, CHICAGO and GREENVILLE, Pa. 


Houston 1 
Atlanta 3 
Birmingham 1 
Chicago 4 

Los Angeles 14 
San Francisco 11 


topping, thermal cracking, catalytic cracking, 
thermal reforming, light hydrocarbon recovery and 
petroleum solvent units. 

The catalytic cracking unit, which is served by 
the two catalyst bins, is used in the production of 
premium motor fuel. It has a rated capacity of 11,- 
500 bbls. of gas-oil charging stock per day but has 
been operated at a charging rate of 14,000 bbls. 

Hortonspheroids, just one of several types of 
pressure storage tanks which we build, are recom- 
mended for storing products that range in volatility 
from motor gasoline to natural gasoline. 

Write our nearest office for quotations on Hor- 
tonspheroids, catalyst bins or any of the products 
listed on the opposite page. 


Cleveland 15 
New York 6 
Philadelphia 3 
Washington 4 
Detroit 26 
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1626 Hunt Bidg. 

2234 Guildhall Bidg. 
3302-165 Broadway Bidg. 
1608-1700 Walnut St. Bidg. 
703 Atlantic Bidg. 

1520 Lafayette Bidg. 


In Canada: HORTON STEEL WORKS, LIMITED, Fort Erie, Ont. 
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RECORDING THERMOMETERS. Ex. 


tremely Accurate and sensitive. Con- 
structed for long service. Mercury Ac- 
tuated. 12 in. die-cast aluminum case. 
Flexible armoured tubing and bulb of 

stainless-steel. All ranges up to 1000 F. s 


DIAL THERMOMETERS. Mercury Actu- 
ated. 8 in. case. Very sensitive. Perma- 
nent accuracy guaranteed. Built for 
long life. Flexible armoured tubing and 
bulb of stainless-steel. All ranges up to 





/ All right—we are exaggerating. We'll admit that 
even this newest Palmer Thermometer at street 
level could hardly be read from the top of a 


But it’s not such a terrible exaggeration at that, The 
“Red-Reading-Mercury” column in this new and finer 
Thermometer can be read more accurately—at a far 
greater distance than the ordinary instrument, even through 
smoke, steam and mist! 
That’s because the new Extruded Brass Case NOW makes pos- 
sible a much larger reading scale. Other important features are: 
Double-strength, non-rattling glass shield; “Snap-On” cap for 
easy removal of shield; fume-resistant and dust-proof case. For 
full details write for Bulletins No. 46-2 and No. 46-3. 
AND REMEMBER—specify this new thermometer on original 
equipment purchased from your jobber or equipment manvu- 
facturer—there should be no extra charge! 


PALMER SUPERIOR RECORDING 


and DIAL THERMOMETERS 





MFRS, INDUSTRIAL, LABORATORY RE- 
CORDING AND DIAL THERMOMETERS 
2513 NORWOOD AVENUE 
CINCINNATI 12, OHIO 
Canadian Plant: King & George Sts., Toronto 2 














methods. Eight years of experience’ with 
several distinct types of Grignard re- 
actions have brought out the following 
points: . 

1. Metal reactors are highly efficient 
and _ satisfactory. Copper-lines vessels 
are best, the yields being equal to or 
better than those cbtained from the 
same reactions in glass. The yields ob- 
tained in steel reactors are a little 
lower, but are acceptable. 

2. Alkyl chlorides can be used as well 
as bromides after the techniques for 
starting the reaction with magnesium 
have been mastered. Powerful stirring 
and careful attention to dilution are 
needed, but in some respects the chlo- 
rides are actually superior. 

3. Synthetic ether can be bought 
(Carbide and Carbon) which is pure 
enough to be used directly for the 
Grignard reaction medium. 

4. Purity of the products depends 
both on the quality of the reagents and 
on the use of proper techniques in 
working up the crudes. 

5. When the techniques employed are 
chosen with respect to their special re- 
activity, allylic halides are highly ver- 
satile and useful in the Grignard reac- 
tion. 


Experimental Equilibrium Constants for the 
Isomer Hexanes. 


B. L. Evertnec anp E. L. p’Ouvitte, Re- 
search Laboratories of Standard Oil 
Company (Indiana). 


The experimental equilibria for the 
isomeric hexanes were determined in 
the range 21° to 204° C. using activated 
aluminum halide catalysts on a 67° C.- 
end-point light naphtha stock contain- 
ing both pentanes and hexanes. The 
present work agrees with the values 
calculated from the heat content by 
Rossini, Prosen, and Pitzer for n-hex- 
ane and 2,3-dimethylbutane but there is 
considerable discrepancy for 2,2-di- 
methylbutane and the methylpentanes. 
However, there is substantial agree- 
ment in the ratio of 2-methylpentane 
to3-methylpentane. 

As the light napHtha contained pen- 
tanes the equilibria for these were si- 
multaneously determined. The tempera- 
ture coefficient for the pentane equi- 
librium was found to be somewhat 
greater from this work than that found 
by Pines and coworkers. This is due 
to lower values at 161° and 204° C. Hy- 
drogen and extensive side _ reactions 
were not found to have an appreciable 
effect on the equilibria. 


Harger Made Manager 
At El Segundo Refinery 


D. K. Harger has been appointed 
manager of all refining divisions at the 
El Segundo refinery of Standard Oil 
Company of California. 

Harger joined the company in 1926 
and has spent 13 of his 20 years connec- 
tions at El Segundo, and recently was 
superintendent of the light oils division 
at Richmond refinery. 


Easton Joins Great 
National Oil Corporation 


Harry D. Easton, Jr., has been elected 
vice president of Great National Oil 
Corporation, with headquarters m 
Shreveport. Among otMer activities the 
company has a natural gasoline plant at 
Ida, Louisiana. ” 

Easton spent five years in military 
service and rose to the rank of colonel. 
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= THIS CARBON TANK LINING 


y WHATEVER 
YOUR PROBLEM 
— CONSIDER 
CARBON OR 
GRAPHITE 


EB: 


Unit of Union Carbide and Carbon Corporation 
The words “National” and “Karbate” are registered 
trade-marks of National Carbon Company, Inc. 


VER HEAR of a material standing up 

to the corrosive attack of strong nitric- 
hydrofluoric solutions for 13 years? That 
is the record of this “National” carbon brick 
tank lining. 

Yes, carbon has proved itself unmatched 
for lining acid-bearing tanks and towers. 
Equally useful for building these tanks and 
towers, with or without supporting walls, is 
“Karbate” impervious graphite. 

These two lightweight, inert materials 
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IS STILL IN GOOD OPERATING CONDITION! 


are unaffected by hydrochloric, sulphuric, 
lactic, acetic, hydrofluoric acids; by mixed 
acids; and by special caustic vapors and 
other corrosive liquids and gases. Both 
also withstand heat shock. “Karbate” im- 
pervious graphite resists seepage under 
pressure and is mechanically strong. 

Both materials are available in brick and 
blocks, in standard and special shapes. For 
more details on how these materials can be 
useful in your plant, write Dept. P.R. 


30 East 42nd Street, New York 17, N. Y. 
Division Sales Offices: Atlanta, Chicago, Dallas, 
Kansas City, New York, Pittsburgh, San Francisco 
















































Recording micrometer. 


New building housing the Physics Division in the 
Riverside laboratories. 








UOP Formally Opens Physics 
Laboratory at Its Riverside Plant 


i. THE research activities of Uni- 
versal Oil Products Company physical 
chemistry has grown up and now has 
its own building, which was formally 
opened August 1. This physics labora- 
tory is the thirteenth building on the 
plot of 27 acres at Riverside, Illinois, 
where 260 workers are engaged in 
major phases of petroleum refining re- 
search, 

The new building is the outgrowth 
of a development which had its start 
in 1939 with the adaptation of catalysis 
as a means of petroleum conversion. In 
order to determine the effectiveness of 
catalysts it was desirable to examine 
the substances physically, hence the 
powerful microscopes and other aids 
for the physics worker. 

More recently devices such as the 





Quartz emmission spectrograph. 


mass spectometer have been so adapted 
to examination of hydrocarbons that 
physics now plays a role in control 
over processes. Consequently the con- 
trol laboratory is drawing on what has 
been found only in the research labora- 
tory. 

The scope of physics in Universal 
Oil Products Company activities was 
described in the comprehensive descrip- 
tion of the new laboratory as: 

1. Improvement of known catalysts 

and a study of their fundamental 

properties. 

2. The identification and quantitative 
analysis of gaseous and liquid hy- 
drocarbons and the products made 
from them. 


3. General physio-chemical studies of 
interest to the petroleum industry 
Universal Oil Products Company 
owned by the American Chemical So- 
ciety, is devoted to engineering and re- 
search within the petroleum industr) 
and its activities are primarily in behalf 
of the smaller refining companies whic! 
do not have research facilities. D. W 
Harris, president, spoke briefly of this 
function in his greeting to representa- 
tives of the trade press and newspaper 
representatives who visited the River- 
side laboratory August 1 to view th 
new facilities as well as to see the other 
equipment. 

“UOP,” he pointed out, “established 
itself as the research and engineering 
headquarters for the smaller refining 
companies. Although its facilities are 
available to the whole refining indus- 
try, it will continue to stress its service 
and relationship to the smaller organi- 
zations.” 


Following inspection of the labora- 
tory and lunch, guests of the company 
were entertained at the Union League 
Club im Chicago. In addition to the 
equipment shown in the accompanying 
pictures the mew physics building 
houses an ultra violet spectrophoto 
meter, a Raman spectroscopy unit; 4 
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CORROSION-RESISTANT TUBING FOR 
OIL REFINERIES AND CHEMICAL PLANTS 


Recent innovations in operating conditions in refiner- 
ies, petro-chemical plants, and plastic manufacture 
have led to countless new products with accompanying 
severe problems of corrosion and product contamina- 
tion. Bridgeport’s modern copper-base alloys are the 
answer to many of these problems. However, in cases 
where a single metal or alloy is unable to cope with the 
situation, Duplex Tubing, two tubes of entirely differ- 
ent materials drawn together, simplify many a complex 
corrosion condition. 


In oil refineries arsenical Admiralty continues to be 
most popular. Where sulfur corrosion is especially 
troublesome, arsenical Muntz*, with its high zinc 
content, is standing up nicely against both the oil and 
the circulating water. For exceptionally severe corro- 
sion from the circulating water side, either salt or 
polluted fresh water, Cuzinal (aluminum brass) 
Duronze IV** (aluminum bronze) and Cupro Nickel 
are available. In salt refineries Duronze IV pipes are 
successfully used for conveying hot brine solutions. 


The ever-widening use of industrial refrigeration 


Condenser and Maid Epchanger libing 
BRIDGEPORT BRASS 
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has focused attention on the possibilities for extend- 
ing the life of refrigeration tubing. Here Duplex 
Tubing has been outstandingly successful in am- 
monia refrigeration systems and in condensers and 
heat exchangers handling ammonia compounds. In 
such applications Duplex Tubing with steel to the 
ammonia side and copper or a copper-base alloy to 
the water side is most popular. 


Duplex Tubing involving such components as 
copper-base alloys in combination with aluminum, 
low carbon steel, monel, nickel or stainless are find- 
ing greater use in the chemical, food and pharmaceu- 
tical fields. Duplex Tubing is also preventing product 
contamination and is showing promising results when 
used in processes involving elevated temperatures. 


Write for new Duplex Tubing Technical Bulletin 


No. 746. 
*Reg. U.S. Pat. No. 2118688 **U. S. Pat. No. 2093380 


. BRIDGEPORT BRASS COMPANY 
oy BRIDGEPORT 2, CONN. * Established 1865 

















































































cited the development of a metallic 
aluminum catalyst for the catalytic de- 
hydrofluorination of alkyl fluorides. Such 
a catalyst was desired for in the hydro- 
gen fluoride alkylation process a small 
amount of hydrogen fluoride remains 
in the finished alkylate in the form of 
alkyl fluorides. In the prosecution of 
this project a small laboratory test unit 
was constructed in which alkylate con- 
taining combined hydrogen fluoride 
could be passed over solid contact ma- 
terials, to determine their efficiency in 4 
splitting off the combined HF. The 
catalyst finally developed consisted of 
l-inch raschig rings made from metallic 
aluminum strips. The rings were made 
active for dehydrofluorinating alkyl 
fluorides by etching them in a solution 

of hydrochloric acid, washing and dry- 

ing. These rings have been ysed in large 
quantities in several alkylation plants 
and have resulted in the recovery of 
hydrogen fluoride valued at many thou- 
sands of dollars.” 





Electrical computer. 


mass spectrometer; an X-ray diffrac- 
tion machine and an electron micro- 
scope. All equipment was explained by 
the men who operate it. 

Another quotation from the descrip- 
tion of the laboratory gives an outline 
of function of physical examination in 
this description of the general labora- 
tory part of the physics laboratory: 

“The equipment in this laboratory in- 
cludes an Andrews’ apparatus for 
studying P-V-T relations of hydro- 
carbons and their critical properties, 
a surface-area unit which is used for 
determining the surface properties and 
pore size distributions of catalysts, sev- 
eral optical microscopes, a fairly exten- 
sive supply of chemical glassware used 
in preparing catalysts on a small scale, 
and a group of muffle furnaces for cal- 
cining catalysts at temperatures up to 
2500° F. in various atmospheres. 

“As typical of the work done on 
catalysts in this laboratory may be 





infrared absorption spectrometer. 











General laboratory, Universal Oil Products Company, at Riverside, Illinois. 
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FoR TODAY'S TOUGHER JOBS, 
HERS ANEW TOUGHER MOTOR 

































WHERE IT’S WET Wet 
weather doesn’t both- 
er the new totally-en- 


WHERE IT'S DIRTY Dirt 
and dust can’t get into 
these Tri-Clads to 


WHERE IT’S CORROSIVE 
Acids, alkalis, and 
fumes are kept out of 
shorten their life. these new Tri-Clidss closed Tri-Clad mo- 
Smooth surfaces are Cast-iron enclosures tor. Neither do fre- 
convenient to clean. are corrosion-resist- quent “washdowns” 
ant, extra strong. in food. plants. 


— 


WHERE EXPLOSION 
HAZARDS EXIST The 
new Tri-Clad motors 
are available in explo- 
sion-proof construc- 
tions where needed. 


WHERE QUARTERS ARE 
CLOSE When space is 
limited for a totally 
enclosed motor, you'll 
like these trim, com- 
pact new Tri-Ciads. 


WHERE IRON DUST 
FLIES Harmful iron 
dust and metal filings 
can’t get past the in- 
ner wall. Bearings are 
protected from dust. 





THE G-E ZR//CLADTOTALLY ENCLOSED MOTOR 


(1 TO 1000 HP) 


In 1940 you welcomed the Tri-Clad open motor with it’s 
extra protection features. More Tri-Clads have since gone into 
service than any other integral-horsepower motor. Now 
G.E. is ready with a new line of tough, totally enclosed 
Tri-Clad motors for use in adverse atmospheres. We believe 
they are industry's most dependable motors. Their longer life 
and lower maintenance will make them a sound investment 
on almost every job. Apparatus Dept., General Electric 
Co., Schenectady 5, N. Y. 
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*Trade-mark Reg. U. S. Pat. Off. 
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Fundamental Physical and Chemical Data 





The Vapor Pressures and Saturated 
Liquid and Vapor Densities of the Iso- 
meric Hexanes. W. B. Kay. Jour. Amer. 
Chem. Soc. 68 (1946) pp. 1336-39. 


The vapor pressures and saturated 
liquid and vapor densities of the five 
isomeric hexanes were determined over 
a temperature range from their atmos- 
pheric boiling points to their critical 
points. The static method of measuring 
vapor pressure was employed. The prep- 
aration and purification of the sub- 
stances studied is described. Equations 
are given representing the vapor-pres- 
sure data and also the density data. Val- 
ues of the constants in these equations 
are given in tabular form. Critical tem- 
peratures and pressures of the hydro- 
carbons are tabulated. These were de- 
termined by the disappearance-of-the- 
meniscus method. 


Some Observations on the Optical 
Properties of Long-Chain Normal Paraf- 
fins. B. Husparp. Am. Mineral 30 (1945) 
pp. 645-72. 


Normal paraffins from Cx to Cx» from 
95 different sources, some very pure and 
others mixtures of two or three hydro- 
carbons, were crystallized at 20-25° C. 
on glass slides from CCh, CeHe, MeCeHs, 
Me.C.H,, and the slides were examined 
with a. petrographic microscope using 
ordinary light as well as plane-polarized 
light, crossed nicols, and convergent po- 
larized light. The crystals of the pure 
synthetic hydrocarbons, as well as the 
natural compounds are optically active 
and dextrorotatory. The crystals are nor- 
mally orthorhombic, and approach hexa- 
gonal symmetry. No monoclinic crys- 
tals were found, The optical activity: is 
best explained by assuming a spiral 
molecular ‘chain rather than the more 
generally accepted idea of a zig-zag 
chain. 


Composition of Vapors from Boiling 
Binary Solutions. D. F. OTHMER AND 
F, Ropert Mortey. /nd. & Eng. Chem. 38 
(1946) pp. 751-57. 


The increased use of distillation un- 
der pressure makes it desirable to have 
available a method and apparatus for the 
determination of vapor- liquid equili- 
brium data at pressures above atmos- 
pheric. The authors constructed an ap- 
paratus for use at pressures up to sev- 
eral hundred pounds per square inch. 






180 


This is described in some detail, and the 
operating procedure is outlined. Data on 
the binary systems methanol-water and 
acetone-water are reported at pressures 
up to 200 psia. Correlations of these data 
with each other and with data from the 
jiterature at atmospheric pressure were 
found to be good. Acetone-water has a 
constant boiling mixture at higher pres- 
sures, as was predicted from the shape 
of the atmospheric X, Y curve, since 
this curve is concave upward. The data 
secured in the course of the work are 
presented in considerable detail in both 
tabular and graphical form. 


Calculation of Specific Dispersion of 
Pure Hydrocarbons and Petroleum 
Fractions. M. R. Lipkin anp C. C. 
Martin. Ind. & Eng. Chem., Anal. Ed. 
18 (1946) pp. 433-36. 


The authors present an equation for 
the calculation of specific dispersion of 
pure hydrocarbons and petroleum frac- 
tions from common physical properties, 





Chemicals Wanted 


The National Registry of Rare 
Chemicals, Armour Research 
Foundation, 33rd, Federal, and 
Dearborn Sts., Chicago 16, IIli- 
nois, has received urgent requests 
for the chemicals listed below. If 
anyone has one or more, even if 
only one gram quantities, please 
inform the Registry. 


Phenanthraquinone - 3 - sulfonic 
acid 
Benzene hexacarboxylic acid 
4,4-Dimethylpentanone-2 
Phenyl pyruvic acid 
cis or trans-1,2-dichloroethylene 
1,2-Pentanediol 
1,3-Pentanediol 
1,5-Pentanediol 
| 2,3-Pentanediol 
| Neovaleraldehyde 





Methyl ethyl ether 
Hydrindene (1 kg.) 
4-Nitro pyrocatechol 
Alpha and gamma pyrone 
| 3,5-Dihydroxy toluene 
3,5-Dinitrotoluene 
Propyl nitrate 
Carnaubyl alcohol 
Ceryl alcohol 
1,2,4,5,-Tetrahydroxy benzene 








such as density, refractive index, and ap- 
proximate molecular weight, which 
properties can be estimated from mid- 
boiling point and density or viscosities 
at 100° and 210° F. It is thus possible 
to calculate the specific dispersion of a 
highly colored sample and to obtain 
dispersion values in a laboratory in 
which no dispersion instrument for di- 
rect measurement is available. The ac- 
curacy of the specific dispersion calcu- 
lated by the method presented is com- 
parable with the accuracy of measure- 
ments obtained by use of the Abbe in- 
strument, i.e. = 3 units. Detailed data 
are presented in five tables, and a bibli- 
ography of 18 references is included. 


The Molecular Refractions of the 
Higher Acetylenic Hydrocarbons. G. F. 
HENNION AND T. F. BANIGAN, JR. Jour. 
Amer. Chem. Soc. 68 (1946) pp. 1381-82. 


The authors note that the calculated 
molecular refractivities of organic com- 
pounds usually do not agree exactly 
with the observed values given by the 
Lorenz-Lorentz equation. This is par- 
ticularly true among the higher acety- 
lenes. Methods of calculation that have 
been used previously are discussed. In 
order to estimate the expected refrac- 
tions more closely, the authors used an 
entirely different method of calculation 
based on summing the average contri- 
butions of the various types of atoms in 
the molecule. Several examples are given 
showing the contributions of different 
types of atoms, and the physical con- 
stants and molecular refractions of the 
higher acetylenes are tabulated, includ- 
ing density, refractive index, observed 
molecular refraction, and molecular re- 
fraction calculated by the old method 
and by the new method presented by 
the authors. 


Metastable Ions Formed by Electron 
Impact in Hydrocarbon Gases. J. A. 
Wuippte, R. E. Fox anp E. V. Connon. 
Phus. Rev. 69 (1946) pp. 347-56. 


The non-integral masses appearing in 
the mass spectra of various hydrocar- 
bons can be explained by the spontane- 
ous dissociation of some of the ions into 
fragments of lighter-mass after they 
have been accelerated and emerge from 
the ion gun. By using an energy filter, 
an energy analysis of the non-integral 
masses in n-butane, butadiene, and 
ethane were made. The values obtained 
are in agreement with those predicted 
on the basis that they are caused by 
metastable ions. Variations of the pres- 
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F you need a new gas processing 

plant and want it right, you can 
depend on GIRDLER’s outstanding 
experience in engineering and build- 
ing the gas processing plants GIRDLER 
designs. 

GIRDLER engineers are specialists 
in gas processes and they follow 
through from the very start to the 
very finish of the job—not just until 
the plant is installed but until the 


GET GIRDLER ON THE JOB 
IT DONE RIGHT 


AND GET 
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Typical Girbotol plant for removal and recovery of the acidic gases. Origina- 
tors of the Girbotol Process, Girdler specialists in gas processes have de- 
signed and built more plants of this type than any other organization. . 


Shortest distance from Plan to Plant 


in Gas Processes 


customer knows all about it and how 
to use it. 

Several hundred GiRDLER-planned 
and GIRDLER-built gas processing 
plants are now successfully serving 
most of the big names in industry, as 
well as the United States Govern- 
ment. This includes processes for gas 
manufacture, purification, separa- 
tion, and dehydration— processes 
solving problems concerning hydro- 


CHEMICAL 
ENGINEERS 
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gen sulphide, carbon monoxide, car- 
bon dioxide, inert and controlled 
atmospheres, natural gas, refinery 
gases, liquid hydrocarbons, hydro- 
gen, nitrogen. 


eee 
For specific data showing what this wealth 
of experience means te you, write today 


giving an outline of your particular gas 
processing problem. 


The GIRDLER CORPORATION 


AND Gas Procgssgs Division, Louisville 1, Kentuck 
District Offices: 150 Broadway, New York 7, N. 


2612 Russ Bldg., San Francisco 4, Calif.. 
311 Tuloma Bldg., Tulsa, Okla. 
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Stendord Wet and 
Dry Pipe Systems, as 
well os Thermostatically 
Controlled Pre-Action | | 
and Deluge Systems. | 





“BLAW-KNOX 


SPRINKLER DIVISION 


832 Beaver Avenve, N. S., 
Pittsburgh 12, Penna. 
















sure and electrode potentials confirms 
that the dissociation is spontaneous. 
Metastable ions are apparently formed 
frequently in the ionization and dis- 
sociation of hydrocarbons, and is shown 


by the authors to uccur in the case g 
ethane, propane, 1,3-butadiene, butene-] 
cis-butene-2, isobutylene, normal butane 
isobutane, pentene 2, normal pentane, 
isopentane, and methylcyclopentane. 
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Chemical Compositions and Reactions 





Di-t-butylacetylene. G. F. HENNION 
AND T. F. BANicAN, JR. Jour. Amer. 
Chem. Soc. 68 (1946) pp. 1202-4. 


Di-t-butylacetylene, previously un- 
known, was prepared in order to deter- 
mine its physical properties and to study 
the behavior of the hindered triple bond 
in typical addition reactions. The hydro- 
carbon was found to have physical prop- 
erties consistent with its compact, sym- 
metrical structure, and chemical prop- 
erties influenced by the steric screening 
of the triple bond. The hydrocarbon 
was hydrogenated to sym-di-t-butyle- 
thylene and thence to sym-di-t-butyle- 
thane. Oxidation gave di-t-butyldiketone 
rather than pivalic acid. Attempts to 
hydrate the triple bond catalytically 
were unsuccessful. Reduction by sodium 
in liquid ammonia likewise failed. Bro- 
mine added slowly to give a dibromo 
derivative. 

Allylic Chlorides. II. Catalytic Hydro- 
lysis and Characterization of 1,3-Di- 
chloropropene. L. F. Hatcu anp G. B. 
Roserts. Jour. Amer. Chem. Soc. 68 
(1946) pp. 1196-98. 


Although 1,3-dichloropropene has be- 
come readily available through the de- 
velopment of the high temperature sub- 
stitutive chlorination of propylene, the 
two geometrical isomers (cis and trans) 
have not as yet been characterized as to 
their geometrical configuration. The 
present study was made to effect this 
characterization. 1,3- Dichloropropene 
was hydrolyzed using a hydrochloric 
acid solution of cuprous chloride. The 
low-boiling, or alpha, isomer hydro- 
lyzed more slowly than the high-boiling, 
or beta, isomer. From this it was con- 
cluded that the effect of the cuprous 
chloride-chloride ion complex is through 
the double bond, that the action of the 
complex is the rate-controlling step, and 
that the configuration of the isomer di- 
rectly. affects the rate of reaction. The 
trans structure was assigned to the alpha 
isomer and the cis structure to the beta 
isomer, 


Autoxidation of Furfural. A. P. Dun- 
Lop, P. R. Stout AND S. SwapesH. Ind. & 
Eng. Chem. 38 (1946) pp. 705-8. 


Color and acid formation in furfural at 
room temperature were shown to be 


caused by autoxidation. In normal stor. 
age, furfural slowly darkens, a change 
which is accompanied by formation of 
small amounts of acid which have some- 
times been thought to be acetic acid or 
furoic acid. In many respects furfural 
reacts analogously to benzaldehyde. 
However, in its oxidation the rate of 
oxidation is slower and is interrupted at 
a lower level of acidity than in the case 
of benzaldehyde. A mixture of acids is 
formed from furfural, not merely acetic 
acid or furoic acid, as has been previ- 
ously thought. Changes can be prevented 
by storing furfural in an oxygen-free 
atmosphere, or can be effectively inhib- 
ited by adding to the furfural a small 
quantity of any one of a variety of basic 
substances such as tertiary amines, alkali 
metal soaps or phenolic antioxidants. 
Water causes a partial inhibition of the 
autoxidation. 


Dealkylation of Dialkylbenzenes. W. 
M. Kutz anp B. B. Corson. Ind. & Eng. 
Chem. 38 (1946) pp. 761-64. 


By conducting the dealkylation of a 
polyalkylbenzene in the presence of suf- 
ficient benzene it is theoretically pos- 
sible to obtain as many moles of monoal- 
kylbenzene as there are alkyl groups in 
the original polyalkylbenzene. Diethyl- 
benzene was dealkylated under pressure 
over an alumina-silica catalyst in the 
presence of a large excess of benzene 
Operating at 400° C., 500 psi, and 2 
liquid hourly space velocity on a mix- 
ture of 1 mole of diethylbenzene and 
10 moles of benzene, the yield per pass 
was 1 mole of monoethylbenzene, and 
the ultimate yield was 1.8 moles of 
monoethylbenzene as compared to a 
theoretical ultimate yield of 2. Compared 
with diethylbenzene, xylene was more 
difficult to dealkylate. Diisopropylben- 
zene plus 10 moles of benzene gave 1.6 
moles of monoisopropylbenzene per 
pass. The effect of the operating varia- 
bles of time, temperature, pressure, and 
amount of benzene was studied. Opera- 
tion under pressure was found to be pre- 
ferable to operation at ordinary pressure 
as regards conversion per pass, ultimate 
yield, and catalyst life. The apparatus 
used in the work is illustrated and de- 
scribed, and the data secured are sum- 
marized in tabular form. A bibliography 
of 12 references is included. 
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Desalting of Petroleum by Use of 
Fiberglas Packing. T. A. Burtis AND 
C. G. Kirxsripe. Trans. Amer. Inst. Chem. 
Engrs. 42 (1946) pp. 413-439. 


The quantity of salt in crude petro- 
leum as delivered to refiners has in- 
creased sharply, and today, a salt con- 
tent, expressed as sodium chloride, up 
to 200 pounds per 1000 barrels of crude 
oil and over is common. The increase in 
salt concentration has been accompanied 









by rapid corrosion of refining equlp 
ment and has had bad effects on the re 
fining processes themselves. Salt 1s 3 
concentrated aqueous solution emulst- 
fied in the oil. A study was made of the 
feasibility of using beds of fine glass 
fibers for desalting petroleum. The oil 18 
washed with water at a temperature 0 
250° F. and oil and water are pass 

through beds of glass fibers averaging 
0.00028 inches in diameter to coalesce, 
the emulsified water. The desalted oil ® 
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separated from the aqueous phase. The 
water phase is recycled in order to con- 
serve heat. Only enough fresh water is 
used to maintain the salt content of the 
recycled water at a maximum of 3 per- 
cent of salt by weight. It has been found 
that the salt content can be reduced to 
less than 5 pounds per 100 barrels by 
proper control of temperature, superfi- 
cial velocity, density of the Fiberglas 
beds and total depth of the beds. In 
general, temperature should be at least 
275° F. Maximum permissible superfi- 
cial velocities ranged from 0.25.to 1.0 
feet per minute depending upon the type 
of oil handled. The effectiveness of the 
packing increased rapidly with increas- 
ing density of the beds up to about 15 
pounds per cubic foot. A total depth of 
the beds of fibers of 5 inches is ade- 
quate for desalting to less than 5 pounds 
per 1000 barrels. About 90 percent of 
the salt is removed in the first two 
inches of the bed. The authors believe 
the process is effective and attractive 
from an economic standpoint for com- 
mercial application. 
































Purification of Butadiene with Cuprous 
Salt Solutions. C. E. Morrerr, W. J. 
Patz, J. W. Packie, W. C. ASBURY AND 
C. L. Brown. Trans. Amer. Inst. Chem. 
Engrs. 42 (1946) pp. 473-94. 


The purification of butadiene by means 
of cuprous salt solutions has resulted 
in a commercial process that played a 
major part in supplying butadiene for 
wartime synthetic rubber production. 
At present plants in the United States 
and Canada have a rated annual capacity 
of approximately 260,000 tons of buta- 
diene. This represents about 55 percent 
of the total capacity of the plants built 
by the government for the production of 
butadiene from petroleum sources. The 
impurities present in crude butadiene 
from petroleum sources are listed in 
tabular form. Preparation of the am- 
moniacal cuprous acetate solutions used 
is described. The solubilities of mono- 
and diolefins in ammoniacal cuprous 
acetate solutions at 32° F. and 0.5 
atmosphere hydrocarbon partial pres- 
sure are tabulated. The problem of re- 
moving the acetylene from the buta- 
diene material is discussed. The heats 
of absorption of the gaseous unsaturated 
hydrocarbons in ammoniacal cuprous 
acetate solutions are tabulated. All 
processes include an absorption step in 
which the butadiene, together with 
small quantities of other unsaturated 
hydrocarbons, and especially the bu- 
tenes, are dissolved in the solvent. 
Second, a butadiene enrichment step in 
which the unsaturated hydrocarbons 
other than butadiene are stripped from 
the solvent, and lastly a desorption step 
in which butadiene of high purity is 
recovered from the solvent. Factors of 
importance in connection with each of 
these steps are discussed. Commercial 3-72 
plants are listed as to operating com- 
pany, location, and capacity. 


Octane Rating Improvement of Ole- 
finic Gasolines by Isomerization. L. 
Berc, G. L. Sumner, Jr. anp C. W. 
Montcomery. Ind. & Eng. Chem. 3 
(1946) pp. 734-37. 


The olefins in an olefinic gasoline can 
be isomerized with a minimum of side 
reactions such as cracking, hydroform- 
ing, treating, aromatization, and cycliza- 
tion. The best resuits are obtained at 
375-425° C. reaction temperature an 
0.3-1.3 volume per volume of catalyst 
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Yee in the field 


Usinc their heads in making a head, B&W 
engineers saved time and money for the 
refinery that ordered the huge alloy-clad 
catalyst reactor illustrated on the opposite 
page. Its fabrication demonstrates the kind 
of thought behind every pressure vessel sae pt ee a ae in pastel 


B&W builds. 


The twelve “orange-peel” segments of the 
hemispherical head could have been piled 
on freight cars and welded together at the 
refinery. But instead, the segments were 
completely assembled in the B&W plant to 
assure accurate fit. All but two final welds 
on the head were completed in the B&W 
shop, where facilities for doing this work 


were more favorable than in the field. Segments of the hemispherical head were drawn together 
and shop-welded into two sections at the B&W plant. 


When the tower sections arrived at the 
refinery, construction went fast because field 
welds were few . . . and B&W supervised 
these. The extra precautions taken during 
fabrication in the B&W plant more than 
paid for themselves in the erection work 
eliminated on location. 


Do you have an unusual pressure vessel 
problem? Or a routine one you merely want 
handled with care? In experience, facilities, 
. ~~ Only four welds were required to assemble the two sec- 
ideas, B&W is a good place to come for help. tions of the tower head in the field. 
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PETROLEUM FIELD 





PETROLEUM PRODUCTION 


Volume |: Mechanics of Production: Oil, Condensate, Natural Gas 
By PARK J. JONES, Consulting Engineer, Houston, Texas 
First in a series of five volumes. Includes: Elements of Production Mechanics; 
Permeability of Linear and Radial Systems; Application of Electric Logs; Com- 
position of Hydrocarbons; Properties of Reservoir Gases and Liquids, etc., etc. 
ee. WOM, TIMING sc ic ccc cece cccnsccecevcetes SL 4 060 06b e000 c6008000 600RET 


THE CHEMICAL CONSTITUENTS OF 
PETROLEUM 
By A. N. SACHANEN 
Research and Development Division 
Socony-Vacuum Oil Co., inc. 

A comprehensive treatise on the com- 
position of crudes from various parts 
of the world and on the most efficient 
methods of distillation and extraction 
which makes it possible to separate 
petroleum fractions having almost 
identical boiling points. 

451 Pages. Illustrated........... $8.50 


AMAZING PETROLEUM INDUSTRY 
By VLADIMIR A, KALICHEVSKY 

An interesting and vivid picture of 

the world’s most important raw ma- 

terial——Petroleum. In non-technical 

language it tells simply what petro- 


leum is—how it is obtained—what it 
does. 
234 Pages. Illustrated... . $2.50 


ISOMERIZATION OF PURE 
HYDROCARBONS 


By GUSTAV LGLOFF, GEORGE HULLA and 
V. 1. KOMAREWSKY 


A.C.8S. Monograph No, 88. 

The results of thousands of experi- 
ments in isomerization. Nearly half 
the volume consists of exhaustive tab- 
ulations of reaction data which can 
be found nowhere else in chemical 
literature, and which will save untold 
hours. 

499 Pages. Illustrated.......... $10.00 


CHEMICAL REFINING OF 
PETROLEUM 


By VLADIMIR A. KALICHEVSKY and 
BERT ALLEN STAGNER *“ 


Second Edition, A.C.S., 
Monograph No. 63. 

A single volume presenting a compre- 
hensive and practical discussion of 
the use and effects of the various 
chemicals and reagents in refining and 
modifying petroleum and its products. 
550 Pages. Illustrated........... $8.25 





CHEMISTRY OF PETROLEUM 

DERIVATIVES 
By CARLETON ELLIS 
A veritable encyclopedia of the mass 
of material concerned with the de- 
velopment and utilization of the 
derivative of natural gas and petro- 
leum. 


Volume I—1,285 Pages. 


DOE svcectsbeWiavecess $20.00 
Volume II—1,464 Pages. 
DOE coc ancecticeccetes $22.50 


CONVERSION OF PETROLEUM 


Production of Motor Fuels by Thermal 
and Catalytic Processes 
By A. N. SACHANEN 
Complete, up-to-the-minute discussion 
of the recent discoveries in the field. 
Includes: high-octane fuels; catalytic 
hydrogenation or polymerization of 
by-product gases; degumming agents; 
tetraethyl lead as an anti-knock 
agent; synthesis or aromatic hydro- 
carbons from paraffins. 
413 Pages. Illustrated........... $6.75 


PHYSICAL CONSTANTS OF 
HYDROCARBONS 
By GUSTAV EGLOFF 

A.C.8. Monograph No. 78. 
The scope of this work is such that it 
may be utilized in pure and applied 
science and in industries such as pe- 
troleum, natural and manufactured 
gas, chemical, rubber, plastic, resin 
and pharmaceutical. 
Volume I—Paraffins, Olefins, 

Acetylenes, and other Ali- 

phatic Hydrocarbons, 

Pe PE bicetscacesecnedcooes $10.00 
Volume II—Cyclanes, Cyclenes, 

Cyclynes, and other Alicyclic 

Hydrocarbons, 608 Pages... .$12.50 
Volume IIi—Mononuclear Aro- 

matic Compounds. 674 Pages. $15.00 
Volume I1V—Ready in September. 


EMULSIONS AND FOAMS 


By SOPHIA BERKMAN and 
GUSTAV EGLOFF 

Assembles and evaluates the recent 
advances in the technology of these 
phenomena. Diagrams and photomi- 
crographs bring home with unique 
emphasis the electrostatic forces at 
work in the phenomena of interfacial 
tension, phase inversion and film ri- 
gidity. 

591 Pages. Illustrated.......... $16.00 


10-DAY APPROVAL COUPON 
REINHOLD PUBLISHING CORPORATION 
330 West 42nd Street, New York 18, N. Y. 


Please send me on ten days’ Do setback Wb heecndeeesessncasesukéeces i 
approval the books indicated 
on the attached sheet. At the BEGEs 6 6 wc bcc cececccdocesccecseencneadas 
end of that time, if I decide 
to keep the books, I will remit GN 5662 vec ctdcesccnrcagatecescesccebscneeees 
indicated price plus postage; 
otherwise I shall return the BRMCO. ccc cc ccsscccccccccccccccecccceceeseses 


books postpaid. PR-9-46 


["] Send Free Catalog listing over 200 scientific books 
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per hour space velocity. Liquid yields 
are usually in excess of 95 percent, and 
most of them 97-99 percent. The best 
catalyst is alumina, the activation of 
which is maintained by impregnation 
with anhydrous hydrogen chloride. The 
life of this catalyst appears to be lo 
if the burn-off is carefully controlled so 
that the catalyst is thoroughly cleaned 
but not sintered. The improvement of 
octane number approximates four units 
when a charge stock such as debutanized 
stabilized distillate is subjected to iso- 
merization. Thermally cracked distillates 
are the best charge stocks because of 
their high olefin content and relatively 
low octane number. The octane num- 
bers of many of the olefins in the gaso. 
om boiling range are given in tabular 
orm, 


The Life of a Cobalt Catalyst for the 
Synthesis of Hydrocarbons at Atmos. 
pheric Pressure. C. C. Hatt anp S. L 
SmitH. Jour. Soc. Chem. Ind. 65 (1946) 
pp. 128-36. 


Commercial operation of a _ process 
employing catalysis on an_ industrial 
scale largely depends on the period of 
time the catalyst can be maintained in 
an active condition. Published accounts 
covering prewar operations of Fischer- 
Tropsch plants in Germany make it ap- 
pear that this period of operation was 
4 to 5 months for the cobalt catalyst 
used in the synthesis of hydrocarbons at 
normal pressure. The manufacture and 
recovery of catalyst forms an important 
and expensive feature of the whole proc- 
ess. The work described in the author's 
paper shows that a cobalt catalyst sup- 
ported on kieselguhr and _ containing 
thoria and magnesia as activators can 
be maintained in a high state of activity 
for periods of the order of 18 months if 
the catalyst is given intermittent treat- 
ment with hydrogen under various con- 
ditions. The temperature of the hydrogen 
treatment is in the synthesis range. Ex- 
periments indicated three processes lead- 
ing to the deterioration of the catalyst, 
aside from poisoning caused by sulfur 
compounds in the synthesis gas. 


The Calculation of Temperature Dis- 
tribution in Catalytic Converters. L. i 


GRossMAN. Trans. Amer. Inst. Chem 
Engrs. 42 (1946) pp. 535-51. 
A problem of industrial importance 


is the calculation of the transfer of heat 
between a fluid stream and the granulai 
solid through which it is flowing, and 
the distribution, with respect to time 
and position, of temperature in the fluid 
and in the solid. Applications come ™ 
the distillation and absorption column 
design, catalytic converters, regenera- 
tors, recuperators, blast furnaces, and 
the like. Finite difference and graphical 
procedures were applied in the analysis 
of temperature distribution for several 
ideal systems. Two cases were Col- 
sidered: (1) the transient temperature 
distribution in a cycling or batch proc 
ess, in which heat transfer by condut- 
tion within the granular solid and fluid 
stream may be assumed zero; (2) the 
steady-state temperature distribution 
cluding heat transfer by conduction ™ 
the solid perpendicular to the direction 
of fluid flow. The stepwise graphics 
methods discussed offer the advantag 
of permitting consideration of the change 
of fluid and solid properties which af 
known but are arbitrary functions 
temperature and position, and the sati* 
faction of boundary conditions that m@ 
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all-metal 
THERMOMETERS 





Expansion in production facilities has kept pace with the increas- 
ing demand for WESTON all-metal thermometers, thus prompt 
deliveries of catalogued models are assured. In most standard 
ranges and stem lengths, spot shipments can be made from stock. 

The WESTON thermometer is of rugged, all-metal construc- 
tion, with large legible scales. Available in ranges from —100 F. 
to +1000 F. and -100 C. to +400 C. Scale lengths from 6” to 
12”. Stem lengths from 242” to 60”. Accuracy guaranteed. Avail- 


able through your local jobber or WESTON representative. 


WESTON ELECTRICAL INSTRUMENT CORPORATION 
655 Frelinghuysen Avenue, Newark 5, New Jersey 











be changing with time in any arbitrary 
known manner. 


Uncatalyzed Reaction of Natural Gas 
and Steam. A. S. Gorpon. Ind. & Eng. 
Chem. 38 (1946) pp. 718-20. 


The catalyzed reaction between steam 
and natural gas has been studied by 
many investigators and is used indus- 
trially to produce a mixture of hydrogen 
and carbon monoxide at temperatures 
from 750° to 900° C. The authors believe 
there is an attractive industrial possibility 
of using cheap and efficient heat transfer 
in gas systems to effect the uncatalyzed 
natural gas-steam reaction. Accordingly, 
the uncatalyzed reaction of natural gas 
with steam was studied between 1225 
and 1516° C. with steam-natural gas 
ratios of 1.5 and 5, and time of contact 
between 0.21 and 4.6 seconds. Even at 
high temperatures and long contact 
times, and steam-natural gas ratio of 5, 
there is some carbonization of the natural 
gas. The extent is shown to be a func- 
tion of the ratio of steam to natural gas, 
and to vary erratically with temperature 
and time of contact. As the temperature 
is increased, the percentage of natural 
gas undecomposed in one pass through 
the furnace becomes less dependent on 
contact time until at about 1500° C 
there is little or no effect. At any tem- 
perature the percentage of undecom- 
posed gas shows little if any dependence 
on the ratio of steam to natural gas. The 
results of the work indicate that the 
design of pilot plants for the steam- 
natural gas reaction must make allow- 
ance for an indeterminate but appreci- 
able amount of carbon deposition, for 
even at the highest temperature used in 
the tests, some carbon deposits. 


Nomograph for Calculation of Over- 
all Heat Transfer Coefficients. H. |] 
GARBER AND W. Licut, Jr. Ind. & Eng 
Chem. 38 (1946) pp. 757-59. 


The authors present a nomograph for 
the calculation of over-all heat transfer 
coefficients. A typical problem involv- 
ing the over-all heat transfer from steam 
to water through a copper wall is given. 
Three typical cases are included, one in 
which the wall is a flat sheet 0.5-inch 
thick, the second in which the wall is a 
pipe with 1l-inch O.D. and 0.64-inch I.D., 
and again in which the wall is a sphere 
with 10 feet O.D. and 900 feet I.D. Th 
nomograph is used in the solution of 
this problem, as well as the second in 
which the film coefficients are taken as 
having different values. 


Optimum Water Requirements vs. 
Mean Temperature Difference in Single- 
Shell-Pass — Multi-Tube-Pass Con- 
densers and Coolers. J. Merser. 7 rans 
Aimer. Inst. Chem. Engrs. 42 (1946) pp. 
553-66. 


The author analyzes a variation of the 
cooling-water-outlet temperature im 
single-shell-pass multitube-pass condens- 
ers and coolers in terms of its effect om 
the overall logarithmic mean tempera 
ture difference in the unit. A_ limiting 
condition for a desirable optimum w@- 
ter rate is stated and a mathematica 
expression derived incorporating th¢ 
above condition, A graphical solution o 
the latter expression is given. An ¢* 
pression for an absolute minimum water 
rate is developed and shown to be 4 
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low- A “BLUE RIBBON” PRODUCT 


reci- 


THEY CALL ’EM JEEPS 


BECAUSE THEY’RE SMALL, BUT POWERFUL, AND GO ANYWHERE 


For a small, tough, hard-working turbine that will go on many U.S. Destroyer Escorts, all Casablanca class 
anywhere and do all you expect of it... get a Coppus aircraft carriers and 90% of all Landing Ship Docks. 


Blue Ribbon” Steam Turbine. Like all Coppus “Blue Ribbon” products (blowers, 


Coppus Steam Turbines come in six frame sizes from ventilators, gas burners, etc.), the Coppus Steam Tur- 
150 HP down to fractional—so you can match more bine is a precision-made product, with accuracy con- 
Closely your job requirements. Each smaller size is trolled by Johansson size blocks. Every turbine is 
priced correspondingly less, so by selecting “horse- dynamometer-tested before shipment. 


power” instead of ‘elephant power” you save on in- More than 85% of all orders since 1937 have been re- 


vestment and installation cost. 
peat orders. 


Many well-known manufacturers install Coppus “Blue 

Ribbon” Steam Turbines on original equipment. They Hi 
~~ know Coppus quality will protect the reputation of their ‘ | AN 0 if H 3 R 
dens- Own products. The Coppus Turbine is also being used i ” I . 


ct on 
\pera- 
niting 
steal Write for Bulletin 135-9. Coppus Engineering 
- the Corporation, 529 Park Avenue, Worcester 2, Mass. 
ion of Sales offices in THOMAS’ REGISTER. Other Coppus 
n eX- “Blue Ribbon” Products in SWEET’S, CHEMICAL 


te ENGINEERING CATALOG, REFINERY CATALOG. 
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Free Guide To 
Money - Saving 


Maintenance 
Cleaning 





In the new. Oakite cleaning 
guide you will find valuable 
case-history data describing 88 
typical maintenance cleaning 
and descaling tasks that occur 
from time to time in the pro- 
ducing, refining and marketing 
divisions of the petroleum in- 
dustry. 


Keep Pace With Production 


With this valuable information 
at your fingertips we believe 
you will find that you can 
quickly restore to peak operat- 
ing efficiency all your equip- 
ment and machinery to help 
maintain production at record 
levels. 


Free Advisory Help! 


We shall be glad to mail a copy 
of the Oakite Digest to you 
immediately on request. There 
is no cost or obligation for this 
or for the personal services of 
our conveniently located Tech- 
nical Engineer. Write today! 


OCAKITE PRODUCTS, INC. 
S508 Thames Street, New York 6, N.Y. 
Technical Service Representatives Located in All 
Principe! Cities ef the United States and Canoda 














limiting condition for exchanger opera- 
bility. Typical cases and problems are 
considered. The author concludes that 
in condensers and coolers the most de- 
sirable design is to allow enough water 
to have the outlet temperature less than 
the corresponding shell fluid tempera- 
ture. Where water is scarce, the water 
rate that will result in equal outlet tem- 
peratures for both streams is the mini- 
mum for which the engineer should aim. 
Any lower quantity will result in poor 
performance. 


Displacement Capacities of Mixing 
Impellers. J. H. Rusuton, D. E. Mack 
AND H. J. Everett. Trans. Amer. Inst. 
Chem. Engrs. 42 (1946) pp. 441-54. 


A method is described for determin- 
ing the flow of water caused by a pro- 
peller or turbine in a mixing tank. The 
method as applied to propellers gives 
results believed to be close to the true 








discharge capacity under conditions of 
normal mixing. Quantitative data on 
discharge capacities of impellers operat- 
ing without casings and based upon 
direct experimental evidence do not ap- 
pear to be in the literature. There js 
enough difference between the capacities 
of impellers operating in the free space 
conditions present in a mixing tank and 
impellers run in pump casings as to 
raise question as to how accurately 
pump impeller data can be applied to 
mixing impeller performance. The tech- 
nique described is designed to obtain 
flow data under conditions as close as 
possible to those that exist in an actual 
mixing tank. Results are presented for 
marine-type square-pitched propellers 
from 4 to 12 inches in diameter. Adapta- 
tion of the technique to the flow froma 
flat bladed turbine impeller is described, 
Results are given for one diameter of 
turbine of a type commonly used in 
industrial operations. 













Products: Properties and Utilization 








Viscosity of Lubricating Oils at Low 
Temperatures. L. G. ZHerpeva, Z. Voss- 
HINSKAYA AND QO. FEposEEvA. Petroleum 
(London) 9 (1946) pp. 76-7. 

When oils containing 2 percent of 


paraffin were cooled to —15° C., paraf- 
fin wax crystallized with formation of 


_a crystal latice and possibly with a 


change in the viscous properties of the 
molecules composing the oil. Formation 
of a crystal latice at temperatures above 
the pour point, causes ap anomalous 
viscosity dependent on such factors as 
thermal history of the oil, stirring, etc. 
Stirring, prior to measurement of vis- 
cosity, can change viscosity as much, as 
20-25 times. No solid paraffins could be 
separated from the low-pour-point trans- 
former oils by filtration. The change in 
viscosity of oils at low temperatures de- 
pends largely upon structure. Synthetic 
lubricating oils have exceptional mobility 
at low temperatures because of struc- 
ture. Knowledge of the usual constants 
of an oil is insufficient to indicate its 
suitability as a lubricant for cold start- 
ing. The change of viscosity with pres- 
sure has practical significance, since the 
viscosity/temperature coefficient of oil 
decreases with increasing pressure. Low- 
viscosity oils have a more favorable 
viscosity-temperature curve, than more 
viscous oils in the low-temperature 
region. Oils of cyclic structure are more 
sensitive with regard to changes in vis- 
cosity caused by a pressure than are oils 
of straight-chain structure. The addition 
of a synthetic oil to a low-grade petro- 
leum oil greatly improves the funda- 
mental characteristics of the latter. 


Silicones as New Engineering Ma- 
terials. W. R. Cortincs. Trans. Amer. 
Inst. Chem. Engrs. 42 (1946) pp. 455-71. 


A series of hydraulic fluids, lubricat- 
ing fluids and diffusion pump oils based 
on silicones have been developed and 
are in commercial production. Silicone 
lubricating greases for high-temperature 
bearings, conveyors, plug valves, and 
other special uses are being manufac- 
tured. Bonding resins for laminating 
Fiberglas or- asbestos cloth produces 
boards and tubes that are moisture, acid, 
and heat resistant. Protective coatings 
having exceptional resistance to most 
destructive elements have been produced 
but they require relatively high curing 


temperatures. Silicone insulated electri- 
cal equipment offers the possibility of 
greatly decreasing the fire hazard in 
chemical plants, and of preventing motor 
and other electrical failures under condi- 
tions of high temperature, high humid- 
ity, or corrosive materials, Silicone rub- 
ber having exceptional resistance to 
deterioration by heat, fire, and moisture 
is finding increased use in electrical in- 
sulation, gaskets and other similar engi- 
neering applications. The chemistry of) 
the silicone products is discussed and 
compared to the chemistry of carbon 

Small Glass Center-Tube Fractionat- 
ing Column. E. A. Naracon anp C. J. 
Lewis. Ind. & Eng. Chem., Anal. Ed. 8 
(1946) pp. 448-50. 


The authors note that a fractionating 
column capable of efficiently separating 
small quantities of close-boiling liquids 
is of great laboratory utility, and that to) 
be of practical value such a column must 
have a low operating holdup. An int 
proved small glass center-tube fraction 
ating column that can be easily repre 
duced is described, and construction de} 
tails are given. The fractionating see 
tion, which is surrounded by a silvered 
vacuum jacket, is 30.5 cm. long andi 
made of an 8-mm, inside diameter outef 
tube and a 6.5-mm. outside diameter cer 
ter tube. A distributor is used above tht 
fractionating section in order to distrib 
ute the reflux from the head to the outet 
tube and to the center tube. An atte 
matic take-off valve is used. The © 
umn functions in such manner as to 
equivalent to 75 theoretical plates wit 
an H.E.T.P. of less than 0.4 cm. Dal@ 
are given on efficiency tests and on the 
distillation of the known mixture 0 
n-heptane and on methyl cyclohexane 

Preparation of Synthetic Samples 
Low-Boiling Hydrocarbons. R. H 
Busey, G. L. BartHAver anp A. \ 
Metter. Ind. & Eng. Chem., Anal. Ed. 8 
(1946) pp. 407-11. 

The design and operation of an 4 
paratus for making blends of low-bot 
ing hydrocarbons is described. Standart 
samples containing any number of cot 
ponents can be prepared quickly, 2 
with a degree of accuracy higher tha 
that of present methods of analys 
Sketches are included showing the * 
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tunkenheimer Valves in- 
stalled in cooling tower pit. 





\ batiiaihins Valves on ate tower. 


LUNKENHEIMER VALVES 


... selected for Many Modern 
Projects in the OIL INDUSTRY 


® Illustrations show a recent installation of 
Lunkenheimer Iron Body Gate Valves in the 
modern, high-efficiency Coles Levee (California) 


Cycling Plant. 


Engineers and maintenance men know they can 


depend on valves, lubricators, air devices, and other 


products bearing the name Lunkenheimer. . . 


recognized the world over as a positive assurance 


of efficient performance, long service life, 


and low maintenance cost. 


THE LUNKENHEIMER COMPANY 


SEE YOUR LUNKENHEIMER DISTRIBUTOR 
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refining centers. There is one near you, fully equipped to as- 
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NEW YORK 
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sembly of the apparatus as well as some 
of its important component parts. The 
operating procedure to be followed in 
sample preparation is described in con- 
siderable detail. Data are presented cov- 
ering samples in the butane and pentane 
range. 


Determination of Alkyl Disulfides in 
the Absence and Presence of Mercap- 
tans. I. M. Korttuorr, D. R. May, P. 
Morcan, H. A. LAITINEN AND A. S 
O’Brien. Ind. & Eng. Chem., Anal. Ed. 
18 (1946) pp. 442-44. 


In the method described disulfides 
are reduced to mercaptans by use of 
amalgamated zinc and titrated ampero- 
metrically with silver nitrate. If the mer- 
captans, are present in relatively small 
amounts in the original sample, the 
disulfide is determined by titrating por- 
tions of the solution before and after re- 
duction, thus obtaining the mercaptan 
produced by reduction of disulfide by 
difference. The disulfide, when present 
in small amounts, the mercaptan in the 
original sample is removed by precipi- 
tation as silver mercaptide. The disul- 
fide then is reduced for determination 
by titration. The accuracy of the method 
is limited by the degree of reduction of 
the disulfide by the amalgamated zinc. 
The results are about 5 percent low if 
the amount of disulfide is in the opti- 
mum range. The results are reproducible 
to 2 percent. 


Lancaster Joins Magnolia 
Technical Department 


George H. Lancaster'has joined the 
staff of the technical department of 
Magnolia Petroleum Company, Beau- 
mont, Texas, as automotive engineer. He 
recently: returned to civilian life follow- 
ing duty in the Navy during which he 
was engaged in research and develop- 
ment activities of the bureau of ord- 
nance on aircraft rockets. He formerly 
was employed in aircraft engine-test 
and development work with Wright 
Aeronautical Corporation and with Ja- 
cobs Aircraft Engine Company. He had 
been associated previously with the fuels 
and lubricants activity of the automotive 
laboratory of Tide Water Associated 
Oil Company. 

















G. H. LANCASTER 
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U.S.P. 2,402,587. Chemical Process. 
A. M. Alvarado, W. A. Lazier and 
J. H. Werntz to E. I. duPont de 
Nemours & Company. 

Mono-olefin hydrocarbons containing 
at least 6 C atoms and preferably more 
than 8 C atoms are converted to sul- 
phonic acids having valuable properties 
as surface-active agents by reacting the 
olefin at elevated temperatures (125- 
200°C.) and pressure with free sulfur 
(at least 3 mols per mol of hydrocar- 
bon) to produce a_ sulfurized olefin, 
hydrogenating the product at 125- 
200°C. under 100-300 atmospheres pres- 
sure in the presence of a sulfacid hydro- 
genation catalyst to give a product con- 
sisting mainly of monothiol, and oxi- 
dizing the product with 70 percent ni- 
tric acid solution at 60-100°C. 

U.S.P. 2,402,685. Chemical Process. 
F. K. Signaigo to FE. I. duPont de 
Nemours & Company. 

Aryl sulfides are produced by react- 
ing an aromatic hydrocarbon with a 
sulfur halide in the presence of a lim- 
ited amount of a sulfurization catalyst 
(not exceeding 10 percent and prefer- 
ably not more than 5 percent by weight 
of the reactants). Napthalene and sul- 
fur monochloride are reacted at 50- 
140° C. in the presence of zinc chloride. 
U.S.P. 2,402,804. Treatment of Hydro- 

carbon Oils. V. L. Chechot to The 

Atlantic Refining Company. 

Mineral white oils are produced by 
a two-stage treatment of the acid-re- 
fined oil with a decolorizing adsorbent, 
consisting of natural or synthetic metal 
silicate, each stage of the treatment 
being carried out at a different tempera- 
ture. With finely divided adsorbents, 
temperatures of 230-260 and 200-210°F. 
are used for the two stages while with 
granular adsorbents the temperature 
ranges are 210-430° and 80-150°F. 
U.S.P. 2,402,863. Blended Gasoline. 

H. H. Zuidema and J. E. Mital to 

Shell Development Company. 

The presence of cyclic olefins, pre- 
ferably containing a C. cyclo-olefin ring, 
in amounts up to 10 percent in gasolines 
tends to stabilize the gasoline against 
oxidation. A good effect is obtained by 
the presence of % percent of cyclo- 
olefin. 

U.S.P. 2,402,954. Separation of Isom- 
eric Paraffins. A. W. Francis to 
Socony-Vacuum Oil Company. 

The separation of isomeric paraffins 
of a narrow boiling range can be ef- 
fected by extracting with a cyclic or- 
ganic solvent reagent which is miscible 
with or at least fairly soluble in water, 
relatively poor in selectivity for aro- 
matic hydrocarbons and has a high 
dielectric constant. Such _ solvents, 
which can be used for instance to sep- 
arate triptane from its isomers, are a.o. 
methanol, carbitol, ethyl sulfate, methyl 
cellosolve, acctic anhydride, acetonitrile, 
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methyl carbitol, ethylene chlorhydrin 

and nitro methane. 

U.S.P. 2,402,978. Process for the Chlo- 
rination of Saturated Hydrocarbons 
and Recovering Hydrochloric Acid. 
G. L. Allen, Jr., R. Heitz and G. 
Henderson to The Dow Chemical 
Company. 

A gaseous mixture of HCl and at 
least one chloromethane is separated 
by scrubbing with a solvent to remove 
chloroform and carbon tetrachloride 
and provide a first gas fraction con- 
taining HCl. The solvent from the 
scrubbing step is heated to drive off 
methylchloride and HCl as a second 
gas fraction which is scrubbed with 
water to remove HCl and form a weak 
HC1 solution. The first gas -fraction 
is then scrubbed with this weak HCl 
solution to bring up the acid to com- 
mercial strength. 


U.S.P. 2,403,054. Separation of Conju- 
gated Diolefin Isomers. D. Craig to 
The B. F. Goodrich Company. 

A mixture of piperylene isomers is 
reacted with SO. in such a manner that 
the low-boiling isomer reacts to form 
monomeric piperylene sulfone, but the 
high-boiling isomer remains  substan- 
tially unreacted. The mixture of high- 
boiling isomer and SO: is then sep- 
arated from the sulfone, the high-boil- 
ing piperylene and the SOs are sep- 
arated and the sulfone is decomposed 
to form a mixture of low-boiling pipery- 
lene and SO: from which the low-boil- 
ing piperylene is isolated. 

U.S.P. 2,403,088. Method of Treating 
Oils. K. M. Laing to Aluminum 
Company of America. 

The steam emulsibility number of an 
oil is reduced by treating it in a con- 
ventional manner with an adsorbent 
consisting of fuller’s earth and alumina 
in a ratio of not less than 1:1 and not 
more than 1:10. The alumina is pre- 
pared by heating a substance selected 
from the group consisting of aluminum 
hydrates and alumina in gelatinous form 
within the range of 250-800°C. 


U.S.P. 2,403,127. Process for The Man- 
ufacture of Polynuclear Aromatic Hy- 
drocarbons. J. E. Schulze. 
Naphthalene is purified by comminut- 

ing it to make it permeable to a liquid 

extraction medium, and extracting im- 

purities at 40-100°F. with a liquid me- 

dium containing from 80-95 percent of 
petroleum naphtha of a boiling range 
of 100-275°F. and from 5-20 percent of 
an aliphatic alcohol, ester or aromatic 

hydrocarbon of a boiling range of 100- 

275°F. 

U.S.P. 2,403,485. Separation of Aro- 
matic Hydrocarbons from Hydrocar- 
bon Mixtures. H. V. Atwell and Du- 
Bois Eastman to The Texas Com- 
pany. 

Aromatic hydrocarbons are separated 
from mixtures containing them by ex- 
traction with water or with a solvent 
consisting essentially of water at a tem- 


perature considerably above the normal 
boiling point of water (475-525°F.) and 
under a pressure sufficient to maintain 
the solvent and hydrocarbons substan- 
tially in the liquid phase during extrac- 
tion. A _ solvent and a_ hydrocarbon 
phase are formed and separated under 
pressure. 
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U.S.P. 2,402,277. Manufacture of Diole- 
firis. F. E. Frey to Phillips Petro- 
leum Company. 

Trimethylethylene is converted to 
isoprene by pyrolysis in a reaction zone 
at 750-850°C. at substantially atmos- 
pheric pressure for a period of time 
within the limits given by the equation ( 
log t= 13350— (13.65£0.31) where t 
log t= 13350— (13.65+0.31) where t 

x 

is the reaction time in seconds and T 

is the temperature in degree Kelvin. 


U.S.P. 2,403,268. Fuels for Aircraft En- 
gines. G. H. B. Davis, W. J. Sweeney 
and W. A. Herbst to Standard Oil 
Development Company. 

A fuel of satisfactory performance 
characteristics for supercharged avia- 
tion engines operating above 200 psi is 
produced. by catalytically cracking a 
petroleum stock under conditions to 
produce a highly unsaturated gasoline 
and separating the gasoline into three 
fractions, viz.: (1) boiling below 100°F. 
and composed of C, hydrocarbons, (2) 
boiling between 100-140°F., and (3) 
boiling between 200-300°F. The first 
fraction is converted to iso-paraffins of 
7-8 C atoms by alkylation, the second 
fraction is hydrogenated and an arfo- 
matic concentrate is extracted from the 
third fraction. A blend consisting of 
56 percent of the products from the 
first, 19 percent of those of the second 
fraction and 25 percent by volume ol 
the aromatic extract is prepared. 
U.S.P. 2,403,281. Manufacture of Cyclo- 

pentanes. R. M. Hill and H. G 

Codet to Standard Oil Development 

Company. 

Alkylated cyclopentanes are dealky- 
lated either by thermal treatment at 
900-980° F. under 1000-5000 psi pressure 
in the presence of added hydrogen or 
by treatment in the presence of 4 
catalyst containing a major proportion 
of magnesium oxide and minor propor- 
tions of copper oxide and manganese 
dioxide. 









































ISOMERIZATION 




















U.S.P. 2,402,807. Isomerization of Hy- 
drocarbons. G. Egloff to Universal 
Oil Products Company. , 
N-heptane is isomerized to triptame 

by contacting it in the presence Of ® 

hydrogen halide with a metal halié 
catalyst at 0-75° C. In a primary st 
substantial yields of methyl hexames 
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are produced which are separated and 
subjected in a secondary stage to con- 
tact with a metal halide catalyst in 
the presence of hydrogen halide at —25 
to 50°C. Dimethylpentanes are sep- 
arated from the products and contacted 
in a third stage with the catalyst at a 
temperature below —35° C. for the pro- 
duction of triptane. 


U.S.P. 2,402,817. Isomerizatioh of Hy- 
drocarbons. J. O. Iverson to Univer- 
sal Oil Products Company. 
Paraffin hydrocarbons are isomerized 

with a metal halide catalyst in the pres- 

ence of a hydrogen halide promoter. A 

hydrocarbon product containing metal 

halide and hydrogen halide is _ with- 
drawn from the reaction zone and con- 
tacted with a solid adsorbent (such 
as clay) at a temperature lower than 
that of the reaction zone. Metal halid 
is removed by the adsorbent and the 
effluent is fractionated to separate hy- 
drogen halide from the hydrocarbons. 


U.S.P. 2,402,818. Isomerization of Sat- 
urated Hydrocarbons. J. O. Iverson 
to Universal Oil Products Company. 
The effluent from a metal halide isom- 

erization zone is separated into a metal 
halide sludge and a hydrocarbon mix- 
ture containing free metal halide and 
hydrogen halide. The hydrocarbon 
mixture is fractionated to separate a 
vaporous overhead product containing 
isomerized hydrocarbons and hydrogen 
halide from a bottoms product contain- 
ing a solution of free metal halide in 
hydrocarbon liquid, which is returned to 
the reaction zone. 


U.S.P. 2,402,830. Conversion of Hydro- 
carbons. F. J Moore to The Texas 
Company. 

Saturated hydrocarbons are isomer- 
ized under a hydrogen pressure rang- 
ing from above atmospheric to 300 psi 
in the presence of a hydrogen halide 
promoter and a liquid catalyst body of 
specific gravity 1.3 to 1.4 prepared by 
reacting a metal halide and particularly 
AlCl; with a saturated paraffin hydro- 
carbon in the presence of both a small 
amount of CO and a small amount of 


MC. 


U.S.P. 2,402,858. 
carbons. H. R 
Texas Company 
Feed hydrocarbons such as n-pentane 

or a pentane-hexane fraction are sub- 
jecfed to contact with a metal halide- 
hydrocarbon complex catalyst in the 
presence of hydrogen halide at an isom- 
erization temperature. After a substan- 
tial period of continuous flow, the cata- 
lyst is subjected to contact with a 
stream of lower-molecular-weight hy- 
drocarbons such as n-butane, the cata- 
lyst being maintained at a_ tempera- 
ture not greater tham the reaction tem- 
perature prevailing during treatment of 
higher-molecular-weight feed hydrocar- 
bons and preferably at a somewhat 
lower temperature. The flow of lower- 
molecular-weight hydrocarbons is con- 
tinued in the presence of hydrogen 
halide for a period of time sufficient 
to restore the activity of the complex 
catalyst. Normal operation then is re- 
sumed. 

U.S.P. 2,403,181. Process for the Isom- 
erization of Low-Boiling Saturated 
Hydrocarbons. J. P. Jones to Phil- 
lips Petroleum Company. 

A process for the isomerization of 
n-butane to i-butane is described ac- 
cording to which a gaseous: n-butane 
AlCl. mixture is passed through a zone 


Isomerizing Hydro- 
Warrick to The 
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containing an adsorptive mass _ until 

enough AICk has been deposited to 

give an active catalyst. N-butane and 

HCl are then passed through the 

zone in a reversed direction of flow 

and through a second zone containing 
an adsorptive mass. After catalyst ac- 

tivity declines, a n-butane-AlCle mix- 

ture is passed first through the second 

and then through the first zone. AICI; 
deposition occurs at 250-350°F., isomer- 

ization at 175-250°F. initially, at 275- 

325°F. after catalyst activity starts de- 

clining. 

U.S.P. 2,403,279. Production of High- 
Octane-Number Fuels. A. P. Hew- 
lett to Standard Oil Development 
Company. 

Amylenes boiling at about 30-31°C. 
or a pentene-l-hexene-l fraction from 
a product from the low-pressure vapor- 
phase cracking of higher-boiling hydro- 
carbons are contacted with bauxite at 
750-850°F. to obtain higher boiling 
isomers which can be alkylated with 
i-butane. Before alykalation the isom- 
erization product is purified by passage 
over clay or bauxite at 400-500°F. at 
100 psi pressure. 


U.S.P. 2,403,314. 
erization Process. 
to Standard Oil 
pany. 

Some organic sulfur compounds are 
effective as promoters in the isomeriza- 
tion of n-paraffins in the presence of 
Friedel-Crafts type catalysts and hydro- 
gen halide while others are harmful. 
Alkyl mono, di and tri sulfides are 
employed as promoters in amounts of 
0.05-5 percent of the hydrocarbon. 
U.S.P. 2,403,439. Process for Isomeriz- 

ing Mono-Olefins. V. N. Ipatieff and 

G. S. Monroe to Universal Oil Prod- 

ucts Compar.y. 

The double bond contained in olefin 
hydrocarbons such as_ butene-l, pen- 
tene-1, 2, 3-dimethyl butene-1, etc., can 
be shifted by the influence of catalysts 
comprising dilute aqueous solutions of 
strong non-oxidizing acids such as HCl 
or HBr or dilute acidic solutions of 
easily hydrolysed salts of such acids. 
Temperatures employed are 150-300°C. 
The pH of the catalyst solutions should 
be between 3 and 7. 


Hydrocarbon Isom- 
C. O. Tongberg 


Development Com- 





ALKYLATION 





U.S.P. 2,402,847. Alkylation of Aro- 
matics with a Ferrous Chloride Cata- 


lyst. L. Schmerling and V. N. Ipa- 
tieff to Universal Oil Products Com- 
pany. 


Aromatic hydrocarbons and an alky- 
lating agent selected from the group 
consisting of olefins and olefin-producing 


substances are contacted at 100-500°C. 
and under atmospheric —300 atmos- 
pheric pressure in the presence of a 


catalyst containing ferrous chloride and 

a carrier. 

U.S.P. 2,402,243. Manufacture of Sty- 
rene. G. Egloff to Universal Oil 
Products Company. 

Styrene is produced by subjecting 
benzene to inter-action with acetylene 
in the presence of supported catalysts 
of the Friedel-Crafts type, the reac- 
tions being brought about by passing 
mixtures of benzene and acetylene in 
regulated proportions (5:1 mol) over 
granular catalysts at relatively high 
rates so that short times of catalyst 
contact are made possible. A tempera- 
ture of 0-150° C. is employed. Bauxite, 









precalcined at 500°C. and impregnated 
with 20 percent by weight of the com. 
posite of AlCl. is a suitable catalyst, 
The reaction time should not exceed 
5 seconds. 


U.S.P. 2,402,328. Production of Motor 
Fuel. E. C. Herthel to Sinclair Re- 
fining Company. 

In the production of motor fuel by 
the alkylation of isobutane with buty- 
lenes in the presence of a catalyst, the 
steps are claimed consisting of bringing 
an excess of isobutane and the butylenes 
into intimate contact in the presence of 
a catalyst, separating the hydrocarbons 
from the catalyst, and subjecting the 
hydrocarbons to fractional distillation 
to recover therefrom the excess isobu- 
tane, introducing into the fractionating 
equipment in which the isobutane is 
separated a hydrocarbon stock con- 
taining isobutane, n-butane and buty)- 
enes derived from cracked stocks, op- 
erating said fractionating equipment so 
that a portion of butylenes having boil- 
ing points in between those of n-butane 
and i-butane is included in the i-butane- 
containing fraction and a portion in the 
bottoms fraction, and returning the 
overhead fraction to the reaction zone, 
the amount of butylenes in said over- 
head fraction being regulated so that 
the total quantity of butylenes supplied 
to the reaction zone is slightly greater 
than the total net quantity of i-butane 
supplied to said reaction zone, on a 
molar basis. 


U.S.P. 2,403,013. 
Meadow to 
Company. 
Tertiary aliphatic mercaptans, for ex- 

ample tertiary butyl mercaptan, will 
readily alkylate benzene or other aro- 
matic compounds such as phenols when 
the reaction is carried out in the pres- 
ence of as little as 0.0075 molecular 
weights of AlCle per molecular weight 
of tertiary butyl mercaptan. 


U.S.P. 2,403,124. Alkylation of Ben- 
zene. E. N. Rosenquist and R. W 
Sudhoff to Monsanto Chemical Com- 
pany. 

Benzene containing from 10-30 per- 
cent by weight of polyethyl benzenes 1s 
reacted with ethylene or an ethylene- 
gaseous paraffin mixture in the pres- 
ence of catalytic amounts of AICls and 
a constant concentration of hydrogen 
chloride amounting to from 0.15-0.30 
percent by weight of the aromatic hy- 
drocarbons. The HCl concentration 1s 
maintained by continuous addition ol 
HCl in amounts which may range up 
to 20 percent of the introduced ethylene 
The amount of polyethyl benzenes pro- 
duced is equal to or less than that used 
in the feed. Up to 100 percent of the 
ethylene is reacted. 

U.S.P. 2,403,342. Conversion of Hydro- 
carbons. R. B. Day to Universal Oil 
Products Company. 

Isobutane and ethylene are alkylated 
in the presence of AlCl; while simulta 
neously isomerizing in the same reac 
tion zone a normal paraffin of at least 
5 C atoms. 

U.S.P. 2,403,501. Alkylation Process 
and Products Produced Thereby: 
L. A. Clarke to The Texas Com- 
pany. 

A debutanized over-all alkylate from 
HF catalyzed alkylation of isobutane 
with an isobutylene alkylating aget 
substantially free from other olefin a 
kylating agents is claimed, which 13s 
characterized by an octane content ? 


Alkylation. H. R 
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In December, 1945 a UNISOL Mercaptan Extrac- 
tion Unit was put into operation replacing a caustic 
mercaptan extraction unit and doctor sweetening 
unit at the Big Spring, Texas refinery of Cosden 
Petroleum Corporation. A careful full scale plant 
comparison between UNISOLtreatment and caus- 
tic and doctor treatment was recently completed. 

The two operations are compared directly at a 
leaded octane number of 73.5. This is the octane 


: ke 
D: West Texas Crac 
GASOLINE TREATE : in Reid Vapor Pressur 


ne number $325 per calendar day 


; 5 octa 
Savings at 73.9 0¢ COMPARATIV 


a + 0.1% Mercaptan Sulfur 
e + 380° F. E.P. 


— RESULTS 


ymbers and lea 























































number at which the gasoline was being sold at 
the time the caustic mercaptan extraction plus 
doctor sweetening run was made. This compari- 
son shows substantial savings at 73.5 octane 
number. However, all of the UNISOL treated 
cracked gasoline can be raised to 76.5 octane 
number with 2.8 cc TEL which after blending 
to the desired vapor pressure with casinghead 
and butane readily reaches 80 octane number. 


d susceptibility 


Octane n JNISOL Treated 
Caustic Washed . ” 
Treatment Doctor — —-> 
Octane 1NO- 68. 
66.6 73.1 
Clear 71.1 15.3 
+lce. 73.3 16.7 
+ ce. 74.6 
+3 cc. 
cost OF TWO eae of 3200 BCD*? 
Designed for 5000 BSD- Comparison oe . SAVINGS 
? ; Tl 
(UNISOL Plan Caustic Washing & UNISOL TREA ($ per calendar day) 
Treatment Doctor SweeteniDé P r . 
1.15 $269 lead savin 
~L. 2.15 10 
c/a 73.5, 0ctane PT 579 . 
(0.2¢/cc. 4-*- ™ : 
od seiiin 4.20 $34 saving on operating costs 
Direct operating 5.25 134 
¢/bbl. thruput 168 
$/CD 
09 — 
I ed recovery : 12 ced gasoline 
re gasoline loss, % 38. a — $22 saved through redu 
ins | Savings for UNISOL $325 per day ° 
Tota 
OChargine ish Sor fall This is a remarkable example of the efficiency and economy of 
capacity net available. a UNISOL Mercaptan Extraction Plant. Originally costing 


_ 
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$129,000, it is quite apparent that the entire cost of this plant 
will be paid off in a relatively short period. 

The need for this UNISOL unit was recognized by Universal 
service engineers, and its installation was recommended to the 
Cosden management. It was installed as part of a refinery-wide 
revamp to meet the higher octane number requirements of 
postwar competition. 
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at least 80 percent by volume, a 2, 2, 
4-trimethyl pentane content of at least 
50 percent by volume, a clear CFRM 
octane number of at least 96, and an 
AFD-3C rating with the addition of 
3 cc. of lead per gallon of iso-octane 
reference fuels S;: plus at least 2 cc. 
of lead per gallon at fuel:air ratios of 
0.06 to.0.11 with especially outstanding 
performance at the lean fuel:air ratios. 





HYDROGENATION, 
DEHYDROGENATION, 
AROMATIZATION 





U.S.P. 2,402,493. Hydrogenation Proc- 
ess. B. S. Greensfelder and W. H. 
Peterson to Shell Development Com- 
pany. 

Diolefins are hydrogenated to mono- 
olefins to the substantial exclusion of 
the corresponding saturated product 
with a substantial molar excess of hy- 
drogen in the presence of a nickel sul- 
fide catalyst. Suitable catalyst are pre- 
pared by impregnating a carrier with 
nickel nitrate or nickelous formate and 
decomposing at 250-350°C. The oxide 
is reacted with hydrogen sulfide at 
400°C. Hydrogenation is carried out at 


100-400°C. with a liquid hourly space 
velocity of 0.5-12 
U.S.P. 2,402,686. Hydrogenation of 


Arylsulphides and Products Result- 
ing. F. K. Signaigo to E. I. duPont 
de Nemours & Company. 

Aryl sulphide and hydrogen are re- 
acted at 75-300°C. and under 100-300 
psi pressure in the presence of a sul- 
factive hydrogenation catalyst. 

U.S.P. 2,402,854. Hydrocarbon Con- 
version. C. L. Thomas to Universal 
Oil Products Company. 

Aromatic hydrocarbons are _pro- 
duced from aliphatic hydrocarbons con- 
taining 6-12 C Atoms by contact at 
450-700°C and under 50-100 psi pres- 
sure with a catalyst comprising a com- 
posite of alumina and chromia (4-12 
percent) promoted by minor amounts 


(0.1-10 percent) of an oxide of a metal’ 


consisting of 
and manga 


the group 
thorium 


from 
cerium, 


selected 
copper, 
nese. 
U.S.P. 2,403,052. Method for Effecting 
Catalytic Dehydrogenation Process. 
R. M. Cole and I. I. Shultz to Shell 
Development Company. 
Water-sensitive heavy-metal oxide 
dehydrogenation catalysts such as 
chromia or molybdena are regenerated 
by periodically ‘burning off carbonace 
ous materials with an oxygen-contain 
ing gas. A sulfur-free dehydrogenation 
product is obtained, contamination of 
the catalyst by iron and damage du 
ing regeneration by SO: generation are 
avoided by adding between 0.0006 and 
0.05 percent of sulfur to the feed stock 
to be dehydrogenated and, prior to re- 
generation removing sulfur as hydrogen 
sulfide from the catalyst by reaction 


with water vapor 
U.S.P. 2,403,276. Chemical Process. 
A. D. Green to Standard Oil Devel 


opment Company 

Butylene is converted to butadiene in 
the presence of a catalyst comprising 
a major proportion of magnesium oxide 
and minor proportions of iron oxide, 
copper oxide and potassium oxide by 
heating the butylene to about 1100°F., 
superheating steam to about 1800-2000° 
F., mixing the two in a hydrocarbon to 
steam ratio of about 1:12 and passing 
them through the reactor, permitting 





the butylene a residence time of about 

0.01-0.1 seconds. 

U.S.P. 2,403,288. Process for Hydro- 
genating Olefins. H. F. Kohler to 
Standard Oil Development Company. 
The hydrogenation of olefins is car- 

ried out in a plurality of reactors. About 

twice the amount of hydrogen con- 
sumed in the process is charged to the 


‘first reactor and passed to subsequent 


reactors, while the olefin feed is split 
between the reactors. Saturated hydro- 
carbons are separated from the hydro- 
gen stream between successive reac- 
tors. 





POLYMERIZATION, CONVERSION 


U.S.P. 2,402,875. Catalytic Conversion 


Process. P. W. Cornell to Jasco, Inc. 

A process for the catalytic conver- 
sion of hydrocarbons which comprises 
forming a mixture of hydrocarbons to 
be converted and_ solid conversion 
catalyst in finely divided state, passing 
said mixture upwardly through a reac- 
tion zone of predetermined cross-sec- 
tional area, thereafter passing the re- 
sulting mixture upwardly through a 
second zone having a _ cross-sectional 
area different than said first named 
zone, removing the reaction products 
and catalyst from the last named zone, 
separating the catalyst from the reac- 
tion products, regenerating a portion 
of the catalyst so separated, thereafter 
mixing a portion of the regenerated 
catalyst with the remaining unregen- 
erated catalyst and returning said mix- 
ture to the second named reaction zone. 


U.S.P. 2,403,107. Catalytic Processes. 





S. H. McAllister, J. Anderson and 
W. E. Ross to Shell Development 
Company. 

The effluent from a catalytic con- 


version zone employing a solution of 
AlCl, in SbCl; as a catalyst, is passed 
to a separation zone prior to fractiona- 
tion. In this zone the effluent is con- 
tacted with cool hydrocarbon gases, ‘to 
condense entrained catalyst components 
which are withdrawn as liquid from the 
separation zone 





DESULFURIZATION 





U.S.P. 2,402,799. Separation of Sulfur 
and Aromatic Compounds from Oil. 
G. B. Arnold and H. V. Atwell to 
Che Texas Company. 

Naphtha containing aliphatic, alicy- 
clic, aromatic and sulfur bearing com- 
pounds of the non-mercaptan type is 
extracted repeatedly with 2-4 volumes 
per volume of ‘naphtha of a solvent, 
consisting essentially of water, at 400- 
600°F. and under sufficient pressure to 
maintain liquid phase. Sulfur-bearing 
compounds are,extracted first, aromatics 
later 
U.S.P. 2,402,893. Conversion of Hydro- 

carbon Oils. S. H. Hulse to Stand- 

ard Oil Development Company. 

\ high-boiling crude-oil fraction con- 
taining a relatively high percentage of 
sulfur is first subjected to a mild ther- 
mal-cracking treatment. The vaporous 
products are then subjected to catalytic 
cracking. The gasoline fraction formed 
from the catalytic-cracking operation is 
of the same high quality as that ob- 
tained by direct catalytic cracking of 
the original high-sulfur oil and the 
trade gasoil distillate is materially lower 
in sulfur. The preliminary mild crack- 
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ing reduces the percentage of sulfur 

contained in gasoline and gasoil frac- 

tions. 

U.S.P. 2,403,524. Process for The Prep. 
aration of MHigh-Grade Antiknock 
Motor Fuels. A. Hagemann to The 
Alien Property Custodian. 

Olefins having from 3-5 C atoms are 
subjected to selective polymerization 
of the iso hydrocarbons present. The 
resulting product is treated with carbon 
monoxide and hydrogen under condi- 
tions (at least 300°C.) to form alcohols 
which are then dehydrated to alkenes 
and hydrogenated to high-octane-num- 
ber alkanes. 





CATALYST PREPARATION 
ACTIVATION AND REGENERATION 





U.S.P. 2,402,126. Alkylation of Hydro- 
carbons. L. A. Clarke to The Texas 
Company. 

When alkylating hydrocarbons with 
an AICls catalyst, the catalyst deterior- 
ates rapidly due to the formation of 
gummy and sticky compounds which 
bind solid particles of catalyst together. 
This is avoided by maintaining the ac- 
tive metal halide suspended or dis- 
persed in an agitated liquid body of 
preformed metal halide-hydrocarbon 
complex compounds. To some extent 
the active metal halide may be dis- 
solved in the complex liquid. The ratio 
of complex liquid to active metal halide 
should be large. 

U.S.P. 2,402,683. Hydrogenation Cata- 
lysts and Methods of Preparation. 
F. K. Signaigo to E. I. duPont de 
Nemours & Company. 

The preparation of sulfactive hydro- 
genation catalysts is described. Finely 
divided metal in activated or pyro- 
phoric form is treated with a sulfiding 
agent under conditions such that the 
heat of reaction is removed and the 
temperature of the reaction mass kept 
below 150°C. 

U.S.P. 2,402,684. Hydrogenation Cata- 
lysts and Methods of Preparation. 
F. K. Signaigo to E. I. duPont de 
Nemours & Company. 

Ferrous group metal sulfide catalysts 
are prepared by reacting a precipitated 
polysulfide of a metal of the iron group 
with hydrogen at 75-200°C. until no 
more hydrogen sulfide is evolved. 
U.S.P. 2,402,740. Production of Sty- 

renes. F. T. Doumani and : 


Deering to Union Oil Company 0! 
California. 
Reaction rate and life of catalysts 


in the dehydrogenation of ethyl ben- 
zene to styrene is increased by the use 
of catalysts composed of carbon con- 
taining certain metals such as_ nickel 
The reaction is carried out at 800- 
1600°F. in the presence of a catalyst 
containing from 1-20 percent metallic 
nickel which may be prepared by im- 
pregnating a carrier with nickel salt 
solution, decomposing and treating the 
nickel oxide catalyst with ethylene un- 
der decomposition conditions to depostt 
carbon, followed by reduction with hy 
drogen. 


aw 


HEAVY OILS AND WAXES 


ee 


U.S.P. 2,402,288. Manufacture of Lu 
bricating Oils. A. Lazar and 
Carter to Tide Water Associated Oil 
Company. ia 
An oxidation and corrosion inhibitor 











Petroleum Refiner—V ol. 25, No.9 















exas 


with 
rior- 
n of 
hich 
ther 
> ac- 
dis- 
y of 
rbon 
xtent 
dis- 
ratio 
ialide 


‘inely 
py ToO- 
fiding 
t the 
1 the 

kept 


Cata- 


ation. 


nt de 


alysts 


of Lu 
i oo 


ted O1 


shibitor 


No.7 


. ft. Surface 
Condenser equipped with 
14,000 lb. Tube Plates 


HE PHOTO ABOVE, taken in the Carteret, 

N. J., shops of Foster Wheeler Corporation, 
shows drilling a pair of large Anaconda Muntz 
Metal Tube Plates. 

This pair of plates was supplied by the Detroit 
Branch of The American Brass Company for a 
79,000 sq. ft. Foster Wheeler Cross Flow Non- 
Divided Water Box Type Surface Condenser. 
The 114”-thick plates were clamped for drilling 
12,216 matched tube holes 27/32” dia. .. . drill- 
ing time, 6 seconds per hole. 

The American Brass Company maintains 
special equipment for the rolling of large-size 
plates, Assistance in selecting the alloy most 
suitable for specific conditions is offered by our 
Technical Department. For detailed informa- 
tion on Anaconda Condenser Tubes and Plates, 
write for Publication B-2. sors 
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79,000 sq. ft. Foster Wheeler Condenser for installa- 
tion at Southwark Electric Generating Station of 
the Philadelphia Electric Co. Upper photo shows 
drilling « pair of the 14,000 Ib. 11'7” x 21’1” Ana. 
conda Leaded Muntz Metal Tube Plates. 


AN pA 
rd 
Anaconda 
COPPER & COPPER ALLOYS 
THE AMERICAN BRASS COMPANY 


Ger eral Offices: Waterbury 88. Connecticut 
Subsid:ary of Anaconda Copper Mining Company 


In Canada: ANACONDA American Brass Ltp., 
New Toronto, Ont. 
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which is incorporated in a hy drocarbon 
lubricating oil is prepared by removing 
naphthenic acids and other acidic sub- 
stances from a naphthene-base oil boil- 
ing above 375°F. at 2 mm. Hg. The 
purified oil is sulphonated, e.g. with 
concentrated sulfuric acid, spent sul- 
phonating agent is removed and _ sul- 
phonic acids are converted to poly- 
valent metal sulphonate free of alkali 
metal sulphonate. The amount of metal 
sulphonate in the finished oil should 
be in excess of 1 percent. ¥ 


U.S.P. 2,402,427. Method of Treating 
Diesel Fuels. P. Miller and E. Lieber 
to Standard Oil Development Com- 
pany. 

The ignition quality of a liquid hy- 
drocarbon diesel fuel is improved by 
contacting the fuel as it is being fed 
to the combustion zone with a mass 
of normally solid, partially soluble sul- 
fur-free ignition promoter. The pro- 
moter is selected from the class of aryl- 
nitroso amines or alkyl metal nitrates. 


U.S.P. 2,402,969. Lubricating Composi- 
tion. R. F. McCleary to The Texas 
Company. 

Detergent properties are incorporated 
into a lubricating oil by the addition 
of from 0.01 to 5 percent by weight of 
an oil-miscible aliphatic-ether-alcohol 
derivative of the phenolic compositions 
present in or derived from the oils ex- 
tracted from the Anacadium genus of 
the Anacardiaceae family, such as car- 
danol. 


U.S.P. 2,403,267. Diesel Fuels. G. H. 
B. Davis to Standard Oil Develop- 
ment Company. 

The cloud point of diesel fuel base 
stocks having a boiling range of 300- 
800°F. is reduced by the addition of 
5-10 percent of a soluble polymetha- 
crylic acid ester of a mono hydroxy 
alcohol having about 4-12 C atoms. 


U.S.P. 2,403,284. Phosphatidic Lubri- 
cant and Method of Making. J. J. 
Jacobs to American Lecithin Com- 
pany. 

The oxidation of mineral lubricating 
oils is inhibited by blending from 10-90 
percent of the lubricating oil with a 
vegetable phosphatide and heating the 
mixture to 200-375°F. for 1-24 hours in 
the presence of air. 


U.S.P. 2,403,453. Mineral Oil Composi- 
tion. F. P. Otto to Socony-Vacuum 
Oil Company. 

A mineral oil igs stabilized against 
oxidation by the addition of from 0.1 
to 1 weight percent of the reaction 
product of substantially one equivalent 
of a mono-hydroxy-aromatic compound, 
two equivalents of an aldehyde having 
more than 1 C atom and one equivalent 
of ammonia. 


U.S.P. 2,403,474. Additive for Lubri- 
cants. J. D. Bartleson and F. Veacl 
to The Standard Oil Compan 
(Ohio). 

Basic metal compounds react with 
the reaction products obtained from the 
reaction of certain amines with a sul 
fide or sulfides of phosphorus to give 
compositions containing the combined 
sulfide, amine and metal radicals 
residues. These products are suitable 
lub oil additives when employed ™ 
amounts of 0.01-50 percent. The su 
fide-amine reaction takes place at 100 
400°F. The final product contains from 
4-6 equivalents of zinc or barium pe 
mol of phosphorus pentasulfide residue 
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DIGEST OF UNITED STATES PATENTS 


On Dehydrogenation of Hydrocarbons 


Compiled by HEINZ HEINEMANN 














U.S.P. 2,370,797. Method for the Cata- 
lytic Dehydrogenation of Hydrocar- 
bons. K. K. Kearby to Standard Oil 
Development Company. 

Mono-olefins and aralkyl hydrocar- 
bons with at least two carbon atoms are 
dehydrogenated by means of a catalyst 
comprising a major proportion of ZnO 
and a minor proportion of Fe:Os, MnQa,, 
CriOs, Co:O; or NizOs and in the pre 
ence of a small amount of K;:O as pro- 
moter. Mixture of several of the metal 
oxides may be used. The catalyst is pre- 
pared from a solution of the salts of the 
metals by precipitation and drying of 
the solid. The hydrocarbons are prefer 
ably diluted with steam for the dehy- 
drogenation reaction which may be car- 


ried out at 1000-1600° F. é 


U.S.P. 2,371,087. Catalytic Dehydrogena- 
tion Process. G. M. Webb and M. A 
Smith to Universal Oil Products Com- 
pany. 

A catalyst for the dehydrogenation of 
organic compounds is prepared by 
adding a precipitant to a solution of an 
aluminum salt and a soluble compound 
of at least one other catlytically active 
metal oxide. The precipitant must be of 
a nature such that it will precipitate 
only aluminum hydroxide and not the 
other metal compound in solution. The 
solvent is evaporated and the mixture 
obtained is heated sufficiently to con- 
vert the soluble metal compound into 
catalytically active oxide of metal on 
alumina. The soluble sales of difficulty 
reducible metal oxides, such as molyb- 
denum oxide, chromium oxide and vana 
dium oxide, are primarily used. 


U.S.P. 2,371,355. Motor Fuel. W. B 
Ross and K. Boldt to The Pure Oil 
Company. 

High-antiknock gasoline with a well- 
balanced distillation range is obtained 
by first separating from crude oil a light 
gasoline and a heavy gasoline fraction 
The light fraction is dehydrogenated by 
means of a dehydrogenating catalyst at 
about 752-1292° F., and the heavy frac- 
tion is hydroformed or isomerized by 
means of a hydroforming catalyst in the 
presence of hydrogen at elevated pres- 
sure and at a temperature of about 950- 
1050° F. The products thus obtained 
then are blended. Alternately the heavy 
gasoline fraction may be fractionated 
before further treatment into a fraction 
boiling in the range of about 235-425° 
F., leaving a still heavier fraction which 
is subjected to high-temperature crack- 
ing. Products thus obtained which are 
boiling within the range of 235-425° F. 
are then blended and subjected to iso- 
merization as mentioned before. 


U.S.P. 2,371,809. Process for the Dehy- 
drogenation of Hydrocarbons. H. E. 
Drennan to Phillips Petroleum Com- 
pany. 

Diolefins are produced from corre- 
sponding mono-olefins with 4 to 6 C 
atoms by passing the latter admixed 
with an inert diluent gas over a brucite 
catalyst at 925-1400° F. and at a pres- 
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sure of atmospheric to 50 psi. The quan- 
tity of diluent gas shall be such that a 
partial pressure of mono-olefins of the 
order of 0.2 to 1 atmosphere results. 
The flow rates shall be 1 to 10 liquid 
volumes of charge per volurne of cata- 
lyst per hour. The unconverted mono- 
olefins are recycled. The active catalyst 
is prepared by heating natural granular 
brucite at 400-1500° F. in a stream of 
inert gas. 


U.S.P. 2,371,817. Production of Diole- 
fins. F. E. Frey to Phillips Petroleum 
Company. 

Diolefins with 4 and 5 carbon atoms, 
such as butadiene and pentadienes, are 
obtained by the dehydrogenation of 
more saturated hydrocarbons and sep- 
aration of the diolefins with 4 or 5 car- 
bon atoms from accompanying dehydro- 
genation products. The effluent from the 
dehydrogenation is passed into the bot- 
tom part of an absorber while a lean 
selective absorption liquid is passed into 
the top part of the absorber. Unabsorbed 
gases are removed. The rich absorbent 
liquid leaving the absorber is passed 
through two strippers. In the first a less 
unsaturated hydrocarbon material is sep- 
arated from a more unsaturated one 
and returned at least-in part to the bot- 
tom part of the absorber. The more un- 
saturated hydrocarbon material is passed 
through the second stripper where a 
material predominantly comprising ole- 
fins is removed. The residual lean ab- 
sorption liquid from the second stripper 
is recycled. A portion of the separated 
diolefin material is returned to the ab- 
sorber. 


U.S.P. 2,371,850. Process for Dehydro- 
genation of Hydrocarbons. W. A. 
Schulze and J. C. Hillyer to Phillips 
Petroleum Company. 

Diolefins are produced from low-boil- 
ing aliphatic mono-olefins with at least 4 
C atoms by passing the olefins at 1100- 
1300° F. into contact with a catalyst 
composed of a major proportion of an 
aluminum oxide (such as bauxite) and 
a minor proportion of barium or stron- 
tium hydroxide. The flow of the olefins 
is periodically interrupted to reactivate 
the catalyst by oxidation of deposited 
carbonaceous material. After this oxida- 
tion a gaseous paraffin hydrocarbon of 
1-3 C atoms is paseed into contact with 
the catalyst at about dehydrogenation 
temperature for a time sufficient to sub- 
stantially improve the activity of the 
catalyst which is then used again in the 
dehydrogenation reaction. The mono- 
olefins may be admixed with enough of 
an inert diluent to produce olefin partial 
pressures of about 0.1 to 0.5 atmosphere 
and the flow rates of the mixture over 
the catalyst may vary between 500 and 
5000 gas volumes per volume of catalyst 
per hour. 


U.S.P. 2,374,404. Catalytic Conversion of 
Hydrocarbons. J. E. Ahlberg to Uni- 
versal Oil Products Company. 

A catalyst for the dehydrogenation of 
hydrocarbons is described which con- 











sists of a major proportion of alumina 
and a minor proportion of chromium 
and zirconium oxide. The amount of 
chromium oxide is preferably greate; 
than that of zirconium oxide. 


U.S.P. 2,374,932. Dehydrogenation of 
Hydrocarbons. W. R. F. Guyer to 
Standard Oil Development Company. 
Low-molecular-weight hydrocarbons 

are dehydrogenated by passing them at 

1000-1600° F. over a catalyst consisting 

of a major proportion of alumina, a 

minor proportion of vanadium oxide 

and a small amount of silver. A pre- 
ferred composition consists of 77-93 per- 
cent Al,Os, 5-15 percent vanadium oxide 
and 2-8 percent silver. The hydrocarbons 
to be treated may be diluted with an in- 
ert gas to reduce their partial pressure 
in the mixture to between 80 and 200 
mm. Hg. 


U.S.P. 2,375,021. Treatment of Hydro- 
carbons. J. C. Morrell to Universal Oil 
Products Company. 

Aliphatic hydrocarbons are contacted 
under dehydrogenating conditions with 
an oxide of Ti, Zr, Ce, Hf or Th sup- 
ported on an activated carrier compris- 
ing a calcined aluminum hydrate of 
high adsorptive capacity. A dehydrogen- 
ating temperature of 450-700° C., an 
absolute pressure of 0.25-7 atmosphere 
and a contact time of about 0.1 to 10 
seconds are employed. 


U.S.P. 2,376,059. Diolefin 
J. P. Jones to Phillips 
Company. 

Diolefin hydrocarbons of 4 or 5 C 
atoms are produced from the corre- 
sponding more saturated hydrocarbons 
by dehydrogenating the latter while 
simultaneously forming minor amounts 
of lower-boiling unsaturated C: and CG; 
hydrocarbons. The effluent from the de- 
hydrogenation is separated into a lighter 
fraction comprising C: and C; hydro- 
carbons together with lighter gases and 
and a heavier fraction comprising C2 and 
heavier hydrocarbons. C; and C; hydro- 
carbons are separated by absorption 
from the lighter fraction and then sub- 
jected to treatment at an elevated tem- 
perature and at low pressure to convert 
at least a part of them to the diolefins 
wih 4 or 5 C atoms with the simul- 
taneous formation of more saturated hy- 
drocarbons with the same number of 
atoms, The effluent from the high tem- 
perature conversion is separated into a 
lighter fraction comprising C; and C; hy- 
drocarbons together with lighter gases 
and a heavier fraction comprising C: and 
heavier hydrocarbons. Both lighter frac- 
tions are united prior to the subsequent 
separation of lighter gases. The heavier 
fraction from the dehydrogenation efflu- 
ent is admixed with the heavier fraction 
from the effluent of the high-tempera- 
ture conversion and the C, or Cs diole- 
fins are separated from the resulting 
mixture. The C: and C; hydrocarbons 
separated from this mixture are passe 
to the high-temperature conversion, 
while the more saturated C, or Cs hy- 


Production. 
Petroleum 
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a OF LICKING YOUR ACID PIPE PROBLEMS 


& The problem of controlling corrosion in the conveying of acids and other corrosive 
solutions is tough enough to begin with. But it is further complicated by such factors 

Bas elevated or fluctuating temperatures, pressure, vacuum and vibration or other me- 
chanical stress of equipment. 

That’s why National Lead —as a result of its years of experience in every field 
handling corrosive solutions and gasses — makes available to you the wide variety 
of pipe described below. And why we offer you the first-hand “know how” gained 
by our technical staff from thousands of installations, to help you select the right 

pipe for every acid-conveying job. 


Lead Pipe. Widely used throughout in- the ability to toughen and increase its ten- 
dustry is our standard Chemical Lead _ sile strength under mechanical stress. Still a 
Pipe. Made of highly pure lead, it has _ third property — due in part to its capacity 
a long record of successful applica- to work-harden—is a higher endurance 
tions. Like all of our lead pipe and limit and therefore greatly improved resis- 
pipe lining, it is fabricated by an ex- tance to failure under vibratory stress. 


trusion process which assures uniform Again, there is Antimonial Lead Pipe, 

i wall thickness, free flow and freedom made with a base of either chemical or Tel- 

from porous or defective spots. lurium lead. When the antimeny content 

" a 4 Other highly useful types are made __is 6%, this insures a mechanical strength 

‘ee | by alloying small amounts of other about twice that of chemical lead. And 

metals with the chemical lead. the greater hardness also means improved 

Making acid toe the line ... Chemical Lead Pipe For example, there is Tellurium abrasion resistance—a real advantage 
and Fittings employed in connection with a battery % ‘ ; 4 . ‘ 

of digestors in a large industrial plant. Lead Pipe. This has added corrosion _where erosion is a problem. Recommend- 


resistance at high temperatures and ed only for temperatures below 240° F. 


Cold Expanded Lead-Lined Pipe. Wherethe inside the iron or steel tube. This assures 
strength of iron or steel is needed a tight fit and a lining smooth, uniform 
for example, to withstand pres- and free of defects. 


sure or other mechanical stress—our Cold Expanded Lead-lined Pipe, as 
“United” Lead-lined Cast Iron or _ well as the “United Tubond” described 
& Steel Pipe has proved highly ser- _ below is made in flanged sections, with 


viceable. It has the outer strength the lead lining carried over the face 





é needed plus the inner resistance of the flange to give a positive lead- 


; of its lead lining to corrosion. to-lead joint. Moreover all iron and 
lhe strength of steel or iron, plus the corrosion resistance 4 al ag ‘ s : ‘ 
of lead ...twin advantages of this “United” Lead-lined lhe lining is fabricated in con- steel pipe used meets the standards 
Pipe. Note the uniformity of the lead lining. Us tinuous lengths of uniform, seam- of the American Society of Testing 


@ less pipe, then cold expanded Materials. 


=a “United Tubond” Lead-Lined Pipe. To do a _—to the iron or steel tube by a special 

se job where equipment must stand __ process, so permanent that there can 

extreme vibration, pressure,vac- be no separation or creep of the 
uum or temperature change—— __lining. 

a National Lead has developed As shown :n the illustration, the 

“United Tubond” Lead-lined _ steel or iron can be violently twisted, 

wach yy Pipe. The lead lining is bonded __ but there will be no let-go of the lead. 


Once bonded ... . it stays bonded! A section of ““‘Tubond” Lead- * NATIONAL LEAD COMPANY 


lined Steel Pipe, twisted to prove the inseparability of the metals. 
Steel and lead are married to stay. 111 Broadway, New York 6, N.Y. 


\ complete line of standard lead and lead-lined fittings is _If Acid Handling is your problem... 7 

available for use with the various types of pipe. In addition, ff 

National Lead manufactures lead-covered pipe to individual at ignd Vax 
Specifications, 

_ No matter whether you want a single valve .. . sheet lead for a f/ 

lining a tank ... or a complete acid recovery plant ... National 0 












a 
Lead can supply you. You are invited to consult our technical 
staff on any equipment problem. 
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It's a Different KIND 
of Pressure Gage 




























From the outside, a Helicoid Gage looks about 

the same as any other good pressure gage. 

Inside, it is unlike any other gage ever made. 
What's the difference? 







Well, for one thing, it has no spur 
gears. And the net result of that is that 
the Helicoid Gage will maintain its 
guaranteed accuracy ten times as long as 
a conventional—type gage. 

That's only part of the story. The 
Helicoid Gage has at least four other 
exclusive superiorities. 

If you use any quantity of pressure 
gages, servicing them is a con-— 
siderable item of expense. We 
can show you how to save, both 
On gage costs and service costs. 






















LET US SEND you complete 
information about Helicoid 
pressure gages. Write for 
our booklet DH-818. 













an HELICOID GAGE DIVISION 
< . AMERICAN CHAIN & CABLE 


vy Bridgeport 2, Connecticut 


y/ 














drocarbons of this mixture are passed to 
the dehydrogenation step. 


U.S.P. 2,376,191. Chemical Process. B. E. 
Roetheli and W. G. Scharmann to 
Jasco, Inc. 

Butadiene is produced continuously by 
discharging preheated butylene simul- 
taneously with a dehydrogenation cata- 
lyst in the form of a fluidized powder 
into a reaction zone where they remain 
in contact at 950-1400° F. for 1-5 sec- 
onds. A quantity of cooled catalyst is 
added to the reaction mass at the end 
of the required reaction period to lower 
the temperature of the reaction mass be- 
low reaction temperature. Catalyst is 
separated from reaction products, re- 
generated and recycled. 


U.S.P. 2,376,252. Oxide Catalyst in De- 
hydrogenation of Cymene. W. Hull to 
American Cyanamid & Chemical Cor- 
poration. 

P-cymene is produced by passing va- 
pors of a monocyclic terpene, such as 
dipentene, at dehydrogenation tempera- 
ture (410-525° C.) over a catalyst com- 
posed of Cr:Os, CrOs, or their mixtures 
and at least one of the oxides of copper, 


| tin or zinc. 


U.S.P. 2,376,309. Dehydrogenation of 
Menthane. J. K. Dixon to American 
Cyanamid & Chemical Corporation. 
P-menthane is converted to dimethyl 

styrene by passing its vapor over a de- 
hydrogenation catalyst composed of an 
oxide of chromium, molybdenum or 
vanadium, or mixtures thereof at a tem- 
perature of 450-600° C. for 2-20 seconds 
contact time. 


U.S.P. 2,376,323. Process of Two-Stage 
Catalytic Dehydrogenation of Paraffin 
Hydrocarbons to Diolefins, R. G. 
Boatright, Jr.. and W. C. Hewitt to 
Phillips Petroleum Company. 
Paraffin hydrocarbons are dehydro- 

genated to diolefins by passing them 
through a first catalytic zone and then 
passing the olefin content of the efflu- 
ent of the first zone through a second 
catalytic zone operating at higher tem- 
perature than the first zone. 


U.S.P. 2,376,709. Production of Styrene. 
W. J. Mattox to Universal Oil Prod- 
ucts Company. 

Styrene is produced from a mixture 
of ethyl benzene and xylene, for instance 


| a suitable fraction of a straight-run 


naphtha obtained by. the distillation of 
a Michigan crude, by contacting the 
mixture with a dehydrogenation catalyst 
under such conditions that the ethylben- 
zene is converted to styrene while the 


| xylene serves as an inert diluent, A tem- 


perature of 450-700° C. and a pressure 
of about 0.25 atmosphere to slightly 
super-atmospheric is employed. Alum- 
ina promoted by a dehydrogenating 
metal. oxide such as molybdenum oxide 
is the catalyst. 


U.S.P. 2,377,083. Catalytic Dehydrogena- 
tion. K. K. Kearby: to Jasco, Inc. 
Low- molecular - weight hydrocarbons 

having 2-5 C atoms are dehydrogenated 

by passing them at a partial pressure 
of 40-250 mm. Hg and at a temperature 
of 1000-1600° F. over a catalyst consist- 
ing of a major part of MgO, a minor 

part of MnO, and a small amount 0! 

CuO. The catalyst contains e.g. 50-90 

per cent MgO, 1-40 percent MnO: and 


| 1-10 percent CuO. 
| U.S.P. 2,377,113. Dehydrogenation of 


Hydrocarbons. C. L. Thomas to Unt 
versal Oil Products Company. 
Normally gaseous hydrocarbons are 


Petroleum Refiner—V ol. 25, No. ¥ 








n to 
y by 
mul- 
Sata- 
vder 
nain 
sec- 
st is 
end 
wer 
; be- 
t is 

re- 


De- 
Il to 
Cor- 


eTa- 
Om- 
ures 
per, 


of 
ican 
n, 
thyl 
de- 
f an 
or 
em- 
ynds 


tage 
affin 
_G. 
t to 


dro- 
hem 
hen 
flu- 
ond 
em- 


ene. 
-od- 


ture 
ince 
run 
1 ol 
the 
lyst 
en- 
the 
em- 
sure 
ntly 
um- 
ting 
cide 


na- 


ons 
ited 
ure 
ure 
ist- 
nor 

of 
)-90) 
and 


of 
Jni- 


are 








































; | ees % 
~ * 


an, } bad 


ot 


| Ie 
ms 
4 





FIN - FAN meets ricip BUILDING REGULATIONS 
AND RENDERS TRIPLE SERVICE 


The versatility of the FLUOR FIN*FAN Cooling Unit is clearly 
demonstrated by the installation pictured above. This FIN* FAN 
Cooling Unit is installed in one of the compressor plants of a West 
Coast Natural Gas Company, adjoining a residential area. 

Rigid building restrictions limited the height of the structure to 
25 feet and prohibited any cooling water spray or condensation being 
permitted to pass over adjacent homes and buildings. In addition, 
the Gas Company required a unit which would perform a triple 
, . cooling job: 1. jacket water; 2. oil; 3. gas. 

FLUOR FIN*FAN Cooling Unit consis: The FLUOR FIN: BAN Cooling Unie aoe only met all building 
of finned tubes over which air is circulated by 

variable pitch fans. * FIN* FAN Cooling Units are requirements but it renders the triple service specified. 

manufactured and sold by: The Griscom-Russell The FIN* FAN Cooling Unit operates efficiently on building tops 
Co. and The Fluor Corporation, Led. or at ground level, and it can be applied to a wide range of con- 
densing and cooling services. Investigate the FIN*FAN Unit —it 
may be the answer to your cooling problem. Write today for the 
Fluor General Catalog No. 46. 


FLU OR bin-ran cooune unit 


THE FLUOR CORPORATION LTD., 2500 South Atlantic Boulevard, Los Angeles 22 
NEW YORK * PITTSBURGH * KANSAS CITY * HOUSTON * TULSA * BOSTON 


ENGINEERS © MANUFACTURERS@+ CONSTRUCTORS 
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TRYING TO REACH LISTENING MILLIONS with a 






megaphone, is like attempting to meet today’s 





demands for greater refinery production with an 





outdated heater. For the past 22 years, refineries 





throughout the world have used Alcorn heaters 





for maximum production at lower cost. This same 






engineering skill is at your disposal whether your 





requirements call for new installation or mod- 





ernization of the equipment you are now using. 





It will pay you to consult Alcorn about your 





heater problems. For new units or replacements 





send your specifications today. 


ALCORN 










Combustion Company 






7 rem SCHAFF BUILDING, PHILADELPHIA 
ier eam Ji} 7 los Angeles » Houston + San Francisco + Tulsa 
















dehydrogenated by contacting them with 
a catalyst composed of alumina and 
chromia and promoted by minor amount ° 
of an oxide of manganese. A tempera- 
ture of 450-700° C. and a pressure not 
exceeding 50-100 psi is used in the de- 
hydrogenation step. 


U.S.P. 2,377,579. Process for Dehydro- 
se tg of Hydrocarbons. W. A. 
Schulze to Phillips Petroleum Com- 
pany. 

Straight-chain olefins having at least 

4 C atoms, such as butadiene, are pre- 
pared by dehydrogenation of the corre- 
sponding paraffin hydrocarbons in two 
steps, the saturated hydrocarbons being 
converted to the corresponding olefins, 
such as butene in the first step, and the 
resulting olefins being further dehydro- 
genated to the corresponding diolefins 
in the second step. Hydrogen is removed 
from the effluent of the first step and 
the olefin produced is admixed with at 
least an equal volume of diluent before 
passing it to the second step. The di- 
luent comprises an olefin of lower molec- 
ular weight than the one produced in 
the first step and the paraffin corre- 
sponding to the olefin of the diluent. The 
olefin of the diluent, e.g. propylene, 
serves as hydrogen acceptor in the sec- 
ond step and is present in the diluent in 
excess of the concentration required for 
equilibrium with the corresponding par- 
affin (e.g. propane). Calcined bauxite is 
used as the catalyst in both steps. 


| U.S.P. 2,378,057. Treatment of Hydro- 


carbons. W. A. Yarnall to The Texas 

Company. 

Gasoline hydrocarbons are dehydro- 
genated and cyclized by passing them at 


| 400-700° C. over a zeolite catalyst in 


which the alkali metals have been re- 
placed by a metal from the group of the 
left-hand column of Group VI of the 
periodic system, such as chromium, 
molybdenum, tungsten and uranium. For 


cer 


®. P ° 
instance, n-heptane is contacted at 575 


under atmospheric pressure for a period 
of 20 seconds with a molybdenum zeo- 
lite to produce a high yield of toluene 
U.S.P. 2,378,209. Process for Production 
of Aromatic Hydrocarbons. D. L. Ful- 
ler and B. S. Greensfelder to Shell 
Development Company. 
A naphthenic gasoline fraction is first 


| dehydrogenated by means of a metal 
| sulfide catalyst, such as tungsten sulfide, 














then contacted with a molybdenum ox- 
ide catalyst and finally with a chromium 
oxide catalyst. (A temperature of 425- 
550° C. and a pressure of 10-70 atmos- 
phere is maintained in the first dehy- 
drogenation step.) 


U.S.P. 2,378,649. Production of Buta- 
diene. W. J. Mattox to Universal Oil 
Products Company. 

C, olefins obtained by catalycicall) 
cracking an olefinic distillate or a poly- 
mer gasoline are dehydrogenated in the 
presence of a catalyst. The butadiene 
formed together with a minor quantity 
of iso-butene is separated from the lat- 
ter and the unchanged C, olefins. The 
remaining mixture is again fed to the 
cracking step to isomerize the isobu- 
tene to normal butene. 


U.S.P. 2,378,650. Manufacture of Buta- 
diene. W. J. Mattox to Universal Oil 
Products Company. 

This process is similar to that de- 
scribed in U. S. 2,378,649, but starts 
with a feed stock of normal C, hydro- 
carbons or normal butenes. The & 
hydrocarbons (including isobutene) ob- 
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Fast-flowing rivers, rapidly chang- 
ing tides, spray ponds and moving 
ships all create a condition causing 
entrainment of air. Furthermore, all 
raw water is saturated with dissolved 
air. Approximately 2.7 cu. ft. of air will 
dissolve in 1000 gal. of water — the 
quantity of air to saturate being de- 
pendent on the water pressure, com- 
position and temperature. Any low- 
pressure areas in the circulating sys- 
tem permit the liberation of part of 
this dissolved air to ally itself with 
any free air in its erosive-corrosive 
attack on the tubes. 


In actual operating conditions, 
where dissolved or entrained air in the 
circulating water is only one of the 
variables, tube life depends on the 
nature and/or extent of such other 
factors as: Velocity and turbulence of 
coolant ... Chemical composition of 
circulating water . .. Temperatures in- 
side and outside of tubes . . . Chem- 
ical or electro-chemical actions... 
Marine growths or other deposits . . . 
Sewage and wastes present . . . Devel- 
opment of protective film ... Media 
surrounding tubes. 


One of the principal objects of Con- 
denser Tube Technical Research has 
been the development of alloys de- 
signed to give the usér longest tube 
life and most trouble-free service. 
Where the major factor affecting tube 
life is the presence of dissolved or en- 


—_—____ 





trained air, satisfactory alloys in- 
clude Cupro-Nickel, Aluminum Brass 
and Phosphorized Admiralty, each 
within its temperature limitations. 


So many variables surround any 
condenser or heat exchanger tube 
application that each case must be 
treated as an individual problem. 


Data accumulated during Scovill’s 
continuous study of condenser and 
heat exchanger tube service conditions 
for every known application equip its 
Technical Service Department to offer 
sound guidance in tube alloy selection 
for existing or proposed installations. 


THREE SCOVILL SERVICES 
Scovill’s Service in Men offers ex- 






















































perienced engineering to help solve 
your tube selection and installation 
problems. Service in Metals develops 
and produces Scovill tube alloys that 
conform to your requirements. Service 
in Manuals consists of literature which 
gives you latest, authentic informa- 
tion on condenser 
and heat exchanger 
tubes. For a free 
copy of Condenser 
Tube Booklet, ad- 
dress Scovill Man- 
ufacturing Co., 15 
Mill St., Water- 
bury 91, Conn. Ex- 
port Dept. 405 Lex- 
ington Ave., New 
York 17, N. Y. 








(CAN 
SCOVILL 


WO 






One Product 
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SCOVILL 


HEAT EXCHANGER TUBES 


e Three Services 


Service in Manuals . Service in Metals . Service in Men 

















































I can CLEAN ‘anyone in the house! 

















\_...... 0nd he CAN do At: too! 


Rough and Ready Airetool Tube Cleaners can 
“take on” any refinery tube cleaning job and 
quickly restore operating efficiency. 

Even though they are rugged, Airetool Tube 
Cleaners are fine precision tools. The exclusive 
New Form cutter design eliminates tracking and 
tube damage. Airetool motors with their patented 





Power Seal and Balanced Rotor develop 28% more 
power, can be loaded down to 50 rpm without 
stalling and maintain constant torque at low 


speeds. 
Airetool’s P-Type cutter head for removing hard 


deposits in residuum lines, heat exchanger tubes 
and still tubes is shown with motor No. 3400. It 
is for tubes from 2%” to 434” 1.D. 


The RIGHT Expander 


Airetool Tube Expanders are built for the job— 
the Right expander is available for every refinery 
tube rolling requirement. Airetool expanders are 
made from special heat-treated alloy steels to 
gain uniform hardness and uniform grain—one of 
the secrets of long life in a high speed tool. 


Write to Dept. R for helpful bulletins on 
cleaners and expanders. 














‘es AIRETOOL 


Ww MANUFACTURING COMPANY 






SPRINGFIELD, OHIO 

















tained in the dehydrogenation step in 
addition to butadiene are subjected to 
the action of an olefin isomerizing Cata- 
lyst, e.g. precipitated silica, precipitated 
alumina and/or precipitated zirconia. 


U.S.P. 2,378,651. Catalytic Process. M. 
P. Matuszak to Phillips Petroleum 
Company. 

Hydrocarbons are subjected to endo- 
thermic catalytic dehydrogenation by 
passing them at a suitable temperature 
through a plurality of catalysts of differ- 
ent catalytic activities contained in an 
adiabiatic reaction chamber provided 
with temperature -controlling media. 
The catalysts are deposited in at least 
three concentric annular zones arranged 
successively and continuously relative 
to the inward or outward direction of 
flow of the hydrocarbon. One of the 
concentric zones contains a_ sufficient 
amount of a granular bauxite catalyst 
to decrease the temperature of the hy- 
drocarbon to 1000-1070° F., another of 
the zones contains enough of a bauxite- 
supported chromium oxide catalyst to 
decrease the temperature of the hydro- 
carbon to 930° F., and a third of the 
zones contains enough black unglowed 
chromium oxide catalyst to decrease 
the temperature to 840° F. 


U.S.P. 2,379,081. Catalytic Dehydro- 
genation. W. F. Huppke and Th. 
Vermeulen to Union Oil Company of 
California. 

Gaseous or vaporous hydrocarbons 
are subjected at dehydrogenating tem- 
peratures, e.g., at 1100-1300° F., to the 
influence of molten boric oxide con- 
taining a small proportion of an acti- 
vating metal oxide, such as ZnO, Fe.0,, 
CuO, VO or UO:. The gases or vapors 
may be bubbled through the molten 
catalyst. 


U.S.P. 2,379,172. Preparation of Cata- 
lyst and Method for Dehydrogenating 
Hydrocarbons with Same. M. P. Ma- 
tuszak to Phillips Petroleum Com- 
pany. 

Hydrocarbons are contacted under 
dehydrogenation conditions with a gel- 
type metallic oxide catalyst prepared 
by adding a sol of alkali hydroxide to 
the solution of a salt of a metal capable 
of forming gelatinous hydroxides, first 
in such a quantity that a sol of col- 
loidal solution of a basic salt is formed, 
about two thirds of the stoichiometri- 
cally equivalent amount of the alkali 
hydroxide being preferably used for 
this purpose. The sol is then added to 
such an amount of a dilute solution of 
the alkali hydroxide of not more than 
0.1 normal concentration that the whole 
amount of the alkali hydroxide used in 
both stages slightly exceeds the sto- 
chiometric equivalent to the original 
metal salt to cause maximum precipita- 


- tion of the metal hydroxide in a gela- 


tinous and voluminous state. A mixed 
solution of chromic nitrate, zirconium 
nitrate and cupric nitrate or of alumi 
num nitrate and chromic nitrate may 
be treated in this manner with am- 
monium hydroxide. 


U.S.P. 2,380,875. Catalytic Treatment of 
Hydrocarbons. W. A. Schultze to 
Phillips Petroleum Company. 

1,3 butadiene is formed by dehydro- 
genation of a butene in the presence of 
an active bauxite-barium hydroxide 
catalyst. A stream composed of 1 mol 
butene and 2 mols steam, preheated to 
1220° F. is passed to the catalyst zone 
at the rate of 1.0 liquid volumes 0 
butene per volume of catalyst, and this 
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this boiler was 


thoroughly cleaned 


the chemical way 


PREE SHOWING! Now available—a new 
18-minute sound slide film illustrating the 
possibilities of Dowell Chemical Scale Removal 
Service. A Dowell representative will gladly 
arrange a special showing at your plant, office or 
organization meeting. Call or write Dowell today. 


SPECIALISTS IN CHEMICAL CLEANING SERVICE © 


ee 


VOiaae 











Power plant engineers—men who are responsible for efficient 
operation of heat-exchange equipment in leading industries 
have welcomed the Dowell chemical method of removing 
scale and sludge. 


Plants everywhere are learning that the Dowell method is 
safe, economical, rapid—and thorough. 


Dowell specialists do the entire job. They pre-inspect the 
equipment to be cleaned. They chemically analyze samples 
of deposits found in your plant. And after this careful prepara- 
tion, they bring with them the proper chemicals and adequate 
equipment to perform completely every stage of the treat- 
ment—to insure effective removal of the insulating deposits. 


DOWELL INCORPORATED ° TULSA 3, OKLAHOMA 
Subsidiary of The Dow Chemical Company 
New York e« Philadelphia e Baltimore e Buffalo « Cleveland « Cincinnati 
Chicago e« Detroit « St.Louis « Houston e Kansas City e Wichita 
Mt. Pleasant, Michigan e Salem, Illinois 
Long Beach, Casper: Dowell Affiliate—International Cementers, Inc. 
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TOP EFFICIENCY 
for 


‘CONSERVING HEAT= 
SAVING MONEY 
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Effective up to 1800° F.—this easy- 
to-apply, insulating cement does 
not break down under service 
conditions... 


Here are some figures to indicate how 
B-H No. 1 Insulating Cement cuts 
down heat losses, when used on valves: Two facts account for the extra years 
ASSUMPTIONS: 70° F.—tempera- of efficient service you get from this 
ture of surrounding still air; 350° F.— product. First, its base is nodulated 
hot surface temperature (120 Ib. B-H black Rockwool—which keeps its 
steam); coal at 13000 BTU per Ib., physical properties; the dead air cells 
utilized at 60% efficiency. mean both maximum insulating effi- 
Vv: , Insulation Yearly Saving ciency and light weight. Second, a spe- 

alve Size Thickness Per Valve cial rust-inhibitor safeguards the metal 


3” Globe (screwed) 1” 335 Ib. against corrosion, insures a lasting, firm 
bond. 


3” Gate (screwed ) 313 Ib. 
6” Globe (screwed ) 1” 831 Ib. B-H No. 1 Cement is easy to use, 


6” Gate (screwed ) 1” 559 Ib. easy to store—efficient up to 1800° F., 
On flanged valves the saving would reclaimable up to 1200° — ideal for 
be approximately five times as much. maintenance work. 

Similar savings are effected when Use the coupon below to secure a 
this cement is used on piping, flanged practical sample and an illustrated 
couplings, drum or tank ends, and all folder of performance charts and data 
irregular surfaces not suited to molded -—together with general application 
insulations. recommendations. 


Baldwin-Hill 


SPECIALISTS IN THERMAL INSULATION PRODUCTS 








Baldwin-Hill Co., 610 Breunig Ave., Trenton 2, N. J. 
Send information on products checked below: 


a Free sample of B-H No. 1 Cement ] Mono-Block—the one-block insula- 
[_) No. 100 Pipe Covering—effective tion for all temperatures up to 1700°F. 


up to 1200°F. (for long runs over- C} Black Rockwool Blankets (felted 
head, underground, Diesel exhausts) between various types of metal fabrics) 
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stream is admixed with a second stream 
of steam of 740° F. in such a manner 
that the temperature of the mixed 
stream is approximately 1160° F. The 
flow rate of the second stream of steam 
is decreased progressively when the 
activity of the catalyst declines so that 
the temperature of the mixed stream at 
the inlet to the catalytic zone gradually 
increases from 1160 to 1220° F. The 
mol ratio of total diluent to hydrocar- 
bon thus varies during the process from 
3:1 to 2:1. An average conversion of 
40 percent of the charge per pass was 
obtained and 50 percent of the con- 
verted material was butadiene. 


U.S.P. 2,380,876. Process for the De- 
hydrogenation of Hydrocarbons. W. 
A. Schultze, J. C. Hillyer and H. E. 
Drennan to Phillips Petroleum Com- 
pany. 

Diolefins, such as butadiene are pro- 
duced by dehydrogenation of mono- 
olefins, such as butenes, by contacting 
the latter at dehydrogenation tempera- 
ture (1100-1300° F.) with a catalyst con- 
sisting of a major proportion of bauxite 
and a minor proportion, (1 to 10 percent) 
of barium or strontium hydroxide. A 
pressure between 0.1 and 2 atmospheres 
and a space velocity of 1000-2500 may be 
employed. 


U.S.P. 2,381,677. Process for Treating 
Catalysts. M. P. Matuszak to Phillips 
Petroleum Company. 

In the catalytic dehydrogenation of 
hydrocarbons the induction period of the 
catalyst is reduced by heating the cata- 
lyst in an atmosphere containing free 
hydrogen. Subsequently the catalyst is 
flushed for not more than several min- 
utes with a gas which contains a sub- 
stantial proportion of a hydrocarbon 


| that is more unsaturated than the charge 
| stock. Thereafter the hydrocarbon to 


be dehydrogenated is passed over the 
flushed catalyst. 


U.S.P. 2,381,691. Process for the De-§ 
hydrogenation of Hydrocarbons. W. | 


A. Schulze and J. C. Hillyer to Phil- 

lips Petroleum Company. 

N-butane is first treated with a de- 
hydrogenating catalyst under such con- 


| ditions that a substantial portion thereof 
| is converted to butenes. The resulting 


mixture is fractionally distilled to sep- 
arate a butene-1 fraction from a fraction 


which essentially comprises butene24 


| and n-butane. The later fraction is re 


| cycled to the first dehydrogenation step, § 
| whereas the first fraction is treated m} 
| a second. dehydrogenation step to con ¥| 
| vert part of the butene-1 to butadiene. 
| The unconverted butene-1 is recycled to 


the second dehydrogenation step. 


U.S.P. 2,381,692. 


N-butane is continuously passed ovet” 
a bauxite-metallic oxide dehydrogena-¥ 


tion catalyst of relatively high catalyti¢ 


| activity at 950-1100° F. Otherwise this 
| process resembles that of U. S. 2,381,697 
| The butene-1 formed in the first dé 


hydrogenation step is in the second step 


| passed over a less active bauxite catalysty 
| at 1100-1300° F. 


| U.S.P. 2,381,693. 


5 


The invention concerns the process” 


the production of pentadiene from & 
pentane. 


. U.S.P. 2,382,394. Treatment of Hy@ 


carbons. J. G. M. Bremmer, P. W- 
Reynolds and A. W. C. Taylor t 
Imperial Chemical Industries, Ltd. 

Normally gaseous paraffin hydrocaf; 


| bons or hydrocarbons with at least 3 
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In badly cracked 
cylinder block 


A long crack developed in a 15” x 
12” triplex geared power pump in a 
Tennessee plant. It extended through 
all valve chambers, valve decks and 


one partition between plunger cylin- | diolefins are produced from the corre- 


ders. The Smooth-On repair shown 
above put the pump back in service. 

First the entire crack was filled in 
with Smooth-On No. 1 lron Repair 
Cement. Then a shaped metal patch, 
coated with Smooth-On, was bolted 
through valve ccmber covers and 
valve decks into swiid iron. After the 
Smooth-On had hardened, the pump 
resumed operation without leakage. 

For more than 50 years, Smooth-On 
No. 1 has been a repair standby with 
mechanics, engineers and mainte- 
nance men, for sealing cracks, stop- 
ping leaks and tightening loose parts 
economically and effectively. It makes 
repairs that stay tight, because 
Smooth-On expands slightly as it sets 
to metallic hardness. 


Order Smooth-On 
No. 1 in 1-, 5-, 25- or 
100-Ib. size from your 
supply house. If they 
haven't it, write us. 

POPULAR 


«Kk = E REPAIR HANDBOOK 


How to make ‘many tested, prac- 
tical, short-cut repairs on plant 
equipment, etc. 40 pages. 170 dia- 
grams. Clear instructions. Pocket size 
—and should be in the pocket of 
every plant engineer and mechanic. 

“< Yours—for just sending the coupon. 


- KS ===Siga and Send Not am = = = 


Smooth-On Mfg. Co., Dept. 11, 
570 Communipaw Ave., Jersey City 4, N. J. 
Please send me a Smooth-On Handbook 


NAME 
ADDRESS 
9-46 


Do it wilh SAOOTH'ON 
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atoms are dehydrogenated in the pres- 
ence of a catalyst which contains at 
least one of the following chromium com- 
pounds: potassium or sodium chromate, 
zinc chromate, zinc chromite, zinc di- 
chromate, together with a product ob- 
tained by cautious thermal decomposi- 
tion of a precipitate obtained from an 
aqueous solution containing an alumi- 
num salt and ammonium dichromate, 
ammonium chromate or chromium tri- 
oxide, by adding thereto a precipitant 
consisting of NH:s, NH.sHCO; or 
(NH,).CO; in an amount at least suffi- 
cient to give complete precipitation of 
the aluminum. 


U.S.P. 2,383,643. Catalytic Dehydro- 
genation. S. T. Fulton and K. K. 
Kearby to Standard Oil Development 
Company. 

Hydrocarbons are passed over a cata- 
lyst composed of a major proportion of 
MgO, a minor proportion of Fe:Os, and 
a small amount of a promoter-formed by 
a fluoride of an alkali or an alkaline 
earth metal. Low-molecular-weight hy- 
drocarbons, e.g. butene, are dehydro- 


| genated in this way, preferably in the 
| presence of steam. 


U.S.P. 2,384,645. Process for Dehydro- 
genating Hydrocarbons. W. A. Schulze 
to Phillips Petroleum Company. 
Jutadiene and other straight-chain 

sponding mono-olefins by passing the 
charge stock admixed with C,. hydro- 
carbons as a diluent in contact with a 
dehydrogenating catalyst at tempera- 
tures between 1000 and 1300° F. so that 
a considerable proportion of the olefin 
is converted into the corresponding di- 
olefin. Immediately following this de- 
hydrogenation a further quantity of the 
hydrocarbon diluent or of recycle liquid 
containing it is injected into the effluent 
of the dehydrogenation zone to reduce 
the temperature below the range of 
rapid diolefin polymerization. The di- 
olefins formed are recovered from the 
cooled product and the diolefin-free 
product is recycled to the dehydrogena- 
tion zone. The formation of polymers 
and tar is greatly reduced and the yield 
of diolefin increased. 

U.S.P. 2,384,984. Manufacture of Styrene 


and Ethylbenzene. Charles Weizmann. 
A low-molecular-weight olefin is 


| passed to a finely divided metal hydro- 
| genating 
| atmospheric pressure, a temperature be- 


catalyst, such as copper, at 
tween 600-725° C. and at a space veloc- 
ity of 0.01-0.1 (on a liquid basis). The 
resulting products are fractionated and 
a principal fraction boiling between 
120-150° C. is obtained which consists 
mainly of styrene and ethylbenzene. 


| U.S.P. 2,385,484. Process for the Produc- 


tion of Diolefins. K. A. Wright to 

Shell Development Company. 

Diolefins such as butadiene, are pro- 
duced from the corresponding mono- 
olefins by contacting the latter in the 
presence of at least 2 mols of steam at 
a temperature above 580° C. and ata 
gaseous hourly space velocity between 
300 and 3000 with a catalyst composed 
of a dehydrogenating oxide of iron pro- 
with rubidium in an amount 
equivalent to 0.9 percent and 5.5 per- 
cent calculated as the oxide based on 
the dehydrogenating metal oxide. 


U.S.P. 2,385,555. Cyclohexene Produc- 
tion. H. H. Voge to Shell Develop- 
ment Company. 

Cyclohexane is contacted with a metal 


halide of the Friedel-Crafts type under 
naphthene isomerizing conditions, con- 
verting it to methylcyclopentane. This 
product is contacted with a dehydro- 
genation catalyst under dehydrogenat- 
ing conditions, for instance with a 
chromic oxide-aluminum oxide catalyst 
at about 500° C. and under atmospheric 
or increased pressure for 0.2 to 5 sec- 
onds, converting the methylcyclopentane 
to methylcyclopentenes. The latter are 
contacted with a solid olefin isomerizing 
catalyst under suitable conditions, for 
instance with activated alumina, bauxite 
or the like at 350-500° C. and at ordinary 
pressure, whereby the methylcyclopen- 
tenes are converted to cyclohexene. 


U.S.P. 2,386,135. Production of Dienes. 
R. C. Morris and R. J. Moore to Shell 
Development Company. 

Dienes are produced from normal 
mono-olefins with 6-12 C atoms by first 
isomerizing the mono-olefins to produce 
branched chain olefins, then non-cata- 
lytically cracking the product in the 
vapor phase at 650-850° C. and at a 
pressure below 150 psi for a time suffi- 
cient to gasify 15-18 percent thereof. 
C, and Cs dienes are separated from the 
cracked product. Further a fraction of 
substantially the same boiling range as 
the isomerized product is separated from 
the cracked product. Aromatics and 
dienes are removed from this fraction 
and the resultant diene-free and aroma- 
tic-free fraction is recycled to the crack- 
ing step. 


U.S.P. 2,386,310. Butadiene Production. 
K. H. Hachmuth to Phillips Petro- 
leum Company. 

N-butane is first catalytically dehy- 
drogenated to n-butene. The C, hydro- 
carbon content of the effluent obtained 
in this first-stage dehydrogenation is 
subjected to fractional distillation sep- 
arating the butene-l1 as an overhead 
product from a bottoms product con- 
taining n-butane and butene-2. The latter 
mixture is subjected to extractive dis- 
tillation with a solvent which selectively 
dissolves the butene-2. The butene-2 is 
then stripped from its solvent. The over- 
head from the extractive distillation 
which is principally composed of n- 
butane is recycled to the first-stage 
dehydrogenation. The butene-1 is com- 
bined with the butene-2 and the mixture 
is subjected to a second-stage catalytic 
dehydrogenation, forming butadiene. 
Furfural is the preferred selective sol- 
vent used. 


U.S.P. 2,386,947. Catalytic Dehydrogena- 
tion Process. K. Hachmuth to 
Phillips Petroleum Company. 
Paraffins are dehydrogenated to ole- 

fins by contacting them with a suitable 

catalyst under dehydrogenating condi- 

tions. This treatment is initiated at 4 

high temperature, e.g. 1160° F. which 

is gradually lowered from the beginning 
to the end of the on-stream period as 
the dehydrogenation proceeds and the 

catalyst becomes deactivated, e.g. at 4 

rate of 1° F. per minute. 


U.S.P. 2,387,524. Dehydrogenation Proc- 
ess. R. N. Meinert to Standard Oil 
Development Company. 
Hydrocarbons such as butene are de- 

hydrogenated continuously by preheat 

ing them to’a temperature below hydro- 
genation temperature and then contact- 
ing them with steam (in an amount 
sufficient to reduce the partial pressure 

of the hydrocarbons to about 0.25 to 0.1 

atmosphere) at 1200-1500° F. and in the 

presence of a catalyst for a short time 

(0.1-1 second). The catalyst consists ol 
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26 in. mercury vacuum or 
75 lbs. pressure in one stage. 


No internal wearing parts. 


No internal lubrication to 
contaminate gas handled. 


Desired delivery temperature 
automatically maintained. 


Non-pulsating pressure. 


Original performance constant 
over a long pump life. 


The ability of Nash Compressors to maintain original performance 
thruout a long life is only one of the many advantages which derive 
from the Nash liquid piston principle of compression. 

Since this liquid piston is an integral part of the Nash Compressor, 
additional liquid can do no harm to the pump structure, whether in 
the form of slugs entering by accident, or as condensate forming in 
the suction lines. In handling gases, for example, wet hydrocarbons, 
usual elaborate protective devices are eliminated. The hazards of 
such devices are therefore avoided, the cost of installation is saved, 
and freedom from repairs and shutdowns is assured. 

Nash Compressors produce 75 lbs. pressure, or vacuums to 26 in. 
of mercury, in a single stage, with capacities to 6 million cubic feet 
per day in a single structure. They have but one internal moving 
Part, simple and ‘non-wearing. There are no valves, gears, pistons, 
sliding vanes, or other enemies of long life. No gas contaminating 
internal lubricant is employed. Compression is without pulsation. Low maintenance cost. 
It will be to your advantage to investigate the Nash Compressor. SHUTIUUUUULUUUUAYOALAAUOAUUAUUEEAUOAUOGUUCUUAUUAL HUA NARNUUAENOUAE UAE 


NAS ENGINEERING COMPANY 
287 WILSON, SO. NORWALK, CONN. 


eptember, 1946—A Gulf Publishing Company Publication 221 





EI) 


2) 
= 








IT’S LAYNE—95 percent 


In picturesque, progressive and industrially 
important Savannah, Georgia, and her ad- 
jacent territory, Layne high efficiency Well 
Water Systems score 95 per cent. They are 
serving the city of Savannah, which is full 100 
per cent Layne equipped—Ship Yards, Chem- 
ical Works, Dairies, Laundries, Cotton Com- 
presses and Warehouses, Cotton Oil Plants, 
Lumber Mills, Paper Mills, Fertilizer Works, 
Packing Houses, Cement Works, Powder 
Plants, Cemeteries, Tourist Courts and numer- 
ous other industries. Such a record of pref- 
erence is the direct result of outstanding effi- 
ciency, extraordinary quality and complete 
satisfaction provided by Layne Well Water 
Systems. 

Layne high efficiency Well Water Systems 
are designed, built and installed complete by 
Layne's own engineers and field crews. Each 
System is thoroughly tested and adjusted for 
peak efficiency and low cost operation before 
delivery. From pump head to sand screen, 
every unit is made of the very finest quality 
materials. 

If you wish illustrated literature, bulletins, 
etc., address Layne & Bowler, Inc., General 


Offices, Memphis 8, Tenn. 


HIGHEST EFFICIENCY 


Layne Vertical Turbine pumps are available in 
sizes to produce from 40 to 16.000 gallons of 
water per minute. High efficiency saves hundreds 
of dollars on power cost per year, 


AFFILIATED COMPANIES: Luyne-Arkansas Co., 
Stuttgart. Ark. * Layne-Atlantic Co., Noxsicik, 
Va. Layne-Central Co., Memphis. Tenn. * 
Layne-Northern Co., Mishawaka, Ind. * Layne 
Lake Charies, La. * Louisiaza 


Louisiana Co. 
, , * Layne-New York Co., 


Well Co Monroe, La. 


Western’Co., Kansas City. Mo. * Layne-Western 
Co. of Minnesota. Minneapolis, Minn. * Interna- 


tional Water Supply Ltd., London. Ontario, 
Canada * Layne-Hispano Americana. S. A.., 
Mexico, D. F. 





WELL WATER SYSTEMS 
VERTICAL TURBINE PUMPS 
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a major proportion of MgO and a minor 
roportion of Fe:Os, CuO and K;0O. 
wo catalyst chambers are provided, 

one being on stream while the catalyst 

in the other is being regenerated by a 

large excess of steam. 


U.S.P. 2,387,731. Manufacture of Di- 
olefins. J. G. Allen to Phillips Petro- 
leum Company. 

A gaseous mixture of steam and ali- 
phatic hydrocarbons containing 4 to 12 
C atoms is preheated to at least 1100° 
F. and then passed to a partial-com- 
bustion-reaction zone together with an 
oxygen-containing gas. The latter is 
first passed through an incandescent 
porous refractory material of large sur- 
face area impregnated with a metal 
oxide combustion catalyst. The pre- 
heated steam-hydrocarbon mixture is 
introduced into the reaction zone at a 
point immediately adjacent the catalyst 
coated surface and in a manner such 
that the products pass directly away 
from this surface to and through a re- 
action zone which is in free communica- 
tion with but extends away from the 
said surface. The resulting low-boiling 
diolefin hydrocarbon mixture is cooled 
by quenching. 


U.S.P. 2,388,078. Process for Conversion 
of N-butane to Butadiene. E. D. 
Reeves to Standard Oil Development 
Company. 

N-butane is converted to butadiene by 
contacting it with a dehydrogenation 
catalyst under suitable conditions and 
then contacting the effluent mixture 
with a solvent to absorb hydrocarbons 
with at least 4 C atoms. The unreacted 
paraffins are removed from the solvent 
and recycled to the catalyst zone. The 


| olefins are contacted with a second de- 
| hydrogenation catalyst. The hydrocar- 


| 950-1150° F. 


bon material thus obtained is mixed with 
that treated by the first catalyst prior to 
contacting with the solvent. The first 
dehydrogenation catalyst is composed of 
oxides of metals of the 6th group de- 
posited on alumina and is maintained at 
The second dehydrogena- 
tion catalyst is maintained at 1050-1300° 


| F. Methyl amine is the preferred solvent 


for the hydrocarbons. 


U.S.P. 2,389,215. Process for Dehydro- 
genating a Hydrocarbon. H. M. 
Singleton to Standard Oil Develop- 
ment Company. 

In the conversion of a hydrocarbon 
by dehydrogenation an organic hetero- 
cyclic compound containing a plurality 


| of double bonds in its ring structure is 


added to the charge hydrocarbon. The 
mixture is subjected to the action of a 
dehydrogenating catalyst at 600-1400° F. 
The unsaturated heterocyclic compound 
(such as furan, thiophene, pyrrole and 


their derivatives) is acting as hydrogen 


acceptor. 


U.S.P. 2,389,342. Catalytic Dehydrogena- 
tion. M. W. Conn to Phillips Petro- 
leum Company. f 
A normally liquid condensate obtained 


| from the hydrocarbon mixture occurring 


naturally in the gaseous phase in dis- 
tillate wells under a pressure of more 
than 1000 psi is fractionated so that a 
first fraction containing the high-octane 
components in the motor-fuel boiling 
range is separated from a second frac- 
tion containing the low-octane and 
heavier components. This second frac- 
tion is passed in the presence of recycled 
hydrogen and C; and CG, hydrocarbons 
in contact with a granular bauxite cata- 





lyst at about 900-1100° F. and 10-1500 
psi pressure. The effluent from this 
treatment is fractionated to recover at 
least the following six fractions. (1) a 
fraction consisting of hydrogen (2) a 
fraction containing C; and lighter hydro- 
carbons, (3) a fraction containing C, 
and C, hydrocarbons, (4) a normally 
liquid fraction containing the high- 
octane components in the motor-fuel 
boiling range, (5) a second liquid frac- 
tion containing the low-octane compon- 
ents and components heavier than those 
named before, and (6) a fraction con- 
taining tars and heavy material unsuit- 
able for recycling. At least a portion of 
the hydrogen fraction (1) and of frac- 
tion (3) is recycled to the catalytic con- 
version step. Fraction (5) is also re- 
cycled together with fresh material. The 
first high-octane fraction is blended with 
fraction (4) to form a high octane motor 
fuel. 


U.S.P. 2,391,160. Refining Operation. C. 
A. Hillman and D. L. Campbell to 
Standard Oil Development Company. 


Butadiene is produced continuously by 
heating n-butane to dehydrogenation 
temperature and then passing it in con- 
tact with a chromia-alumina catalyst for 
0.05 to 2 seconds at 1000-1400° F. and 
at a pressure averaging 95 mm. Hg. A 
portion of the butane and butene-2 is 
then separated from the reaction prod- 
ucts by fractionation and recycled to 
the dehydrogenation zone. The re- 
mainder of the C, cut of thé reaction 
products is treated with methylamine to 
remove butadiene. The remainder is 
treated with sulfuric acid to extract iso- 
butene. The residual mixture is alkylated 
by means of an alkylation catalyst such 
as sulfuric acid, converting isobutane 
and butenes to alkylate. After separating 
the latter, the remaining n-butane is re- 
cycled to the dehydrogenation zone. 


U.S.P. 2,391,188. Butadiene Production. 
R. J. Patterson to Phillips Petroleum 
Company. 

N-butane and/or n-butenes are cata- 
lytically dehydrogenated to form buta- 
diene. After removing the butadiene 
formed from the reaction mixture, a 
fraction consisting of isobutylene and 
butene-1 is separated from butene-2. The 
butene-2 is recycled to the dehydrogena- 
tion step. The isobutylene and butene-] 
fraction is subjected to isomerization. 
Butene-2 in the isomerization product 
is separated from the isobutylene by 
fractional distillation. The residual 1so- 
butylene, which is now substantially free 
from butene-1 is treated in such a man- 
ner as to partially isomerize it to n- 
butene comprising a major portion of 
butene-2. The isomerization product 1s 
separated by fractional distillation into 
a fraction containing the unconverted 
isobutylene and a fraction of butene-2. 
The isobutylene fraction is recycled to 
the isomerization step, while the bu- 
tene-2 fraction is recycled to the de- 
hydrogenation step. 


U.S.P. 2,391,646. Process for Dehydro- 
genating Olefins. W. A. Schulze, J. © 
Hillyer and H. E. Drennan to Phillips 
Petroleum Company. 

Aliphatic diolefins, e.g. butadiene, are 
obtained from corresponding mono 
olefins by contacting the latter at 1100- 
1300° F. with bauxite impregnated with 
minor proportions of MgO and 0 
Ba(OH): or Sr(OH)s, e.g. with 1-10 
percent of each of the active ingredients. 
A pressure of 0-200 psi is employed ™ 
the dehydrogenation step. 
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1—Pipe Threader 


A quick-setting workholder and new 
balanced loop handles are two innova- 
tions on the new 4P geared pipe thread- 
er announced by: The Ridge Tool Com- 
pany, Elyria, Ohio. The quick-setting 
workholder affords an advantage in en- 
abling a worker to set the threader ex- 
actly to size before being placed on the 
pipe; once on the pipe only one screw 
needs to be tightened to hold it securely. 
All bothersome bushings have been 
eliminated. The balanced loop handles 
yn the enclosed gear case prevent slip- 
ping or tipping over, making it easy to 
pick up and put straight on the pipe, 
und easy to carry with one hand. 

The manufacturer also claims econ- 
ymy of operation by virtue of a twin- 
anchored drive shaft that turns in oilless 
bronze bearings. The gear is fully en- 
‘losed, packed in grease, protected from 
lirt and wear. 

Precision made of rugged steel-and- 
malleable, the new 4P is provided with 
four sets of five high-speed steel dies to 
ut clean, accurate threads, standard or 
tapered, drip threads and short nipples. 
\ ratchet handle is provided with each 
4P and a special “ridged” design uni- 
versal drive shaft is available for power 
irive. Production is said to be still lim- 
ited, distribution through supply houses 
ynly 
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2—Controller 


The Foxboro Company, Foxboro, 
Massachusetts, has announced its Model 
40 controller, which it says represents no 
leparture in basic operating principles 
trom those of Model 30, introduced in 
1942, but embodying improvements in 
lcsign and construction which offer new 
advantages important and numerous 
enough to characterize a wholly new 
instrument, 

Features of the Model 40 may be 
generalized, the announcement says, as 





Foxboro Model 40 Controller 





Ridge Tool 4P Geared Pipe Threader 


a simplification of design, with more 
sturdy unit construction, resulting in 
superior performance, easier and more 
flexible adjustments, and new conveni- 
ence in servicing, including easy re- 
placement or interchange of unit parts. 

The operating-panel feature of “Sta- 
bilog” control instruments is retained, 
and when the case door is open every 
part normally requiring attention is im- 
mediately accessible without removing 
the chart. 

An outstanding characteristic of the 
Model 40 is its adaptability in changing 
from one type of control to, another. 
Setting of the proportional band, from 
0 to 200 percent or higher, is easily 
made by the turn of a thumb wheel. 
Reversal of instrument action is made 
in a like manner. The range of reset is 
500:1 and, although not considered crit- 
ical, is a continuous adjustment. Elimi- 
nation of the reset and derivative func- 
tions is simple. A much-improved ad- 
justing device permits zeroing the pen 
without realigning the control point. 
A new-type transfer switch permits 
change from manual to automatic con- 
trol, or vice versa, with no valve motion. 

The die-cast aluminum case, similar 
to Model 30, fits the same opening in an 
instrument panel. Hasp and hinges of 
new design facilitate door opening or 
removal, and also insure tight closure. 

Improvements in design have been 
carried out in all the associated equip- 
ment, as well as in the primary “Sta- 
bilog” control mechanism, including the 
“Pneumaticset” and the ratio-control as- 
semblies and the units for pneumatic 
transmission, it was said. 

Model 40 is made as an indicator as 
well as a single-pen and multi-pen re- 
corder, and is available for on-off con- 
trol action, proportional, proportional 
and reset (“Stabilog”), proportional with 
derivative, and proportional and reset 
with derivative (“Hyper-Reset’”). 

All types are described, and numerous 
illustrations reveal their constructional 
features, in Bulletin 381, 
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3——Diaphragm Regulating Valve 


Leslie Company, 169 Delafield Ave- 
nue, Lyndhurst, New Jersey, has an- 
nounced a new line of single-seated. 
fully balanced regulating valves. 

These diaphragm valves are made 
with cast-iron, bronze, and steel bodies 
for steam, air or gas pressures up to 
1000 psi, and are designed to be actu- 
ated by standard pressure or tempera- 
ture instruments or controllers using 20 
psi air or clean water. 

Supplied as standard equipment with 
800 Brinell hardened stainless steel main 
valves and stellited seat rings, these 
single-seated valves provide equal or 
greater capacities than most double- 
seated regulating valves of the same size, 
it is claimed, and have the additional 
advantage of being tight in dead-end 
service, 

For temperatures over 450° F., steel 
diaphragm valves are equipped with a 
newly designed cooling bonnet that of- 
fers a large radiating surface and a res- 
ervoir of condensate to aid in keeping 
the stuffing-box temperature down. 

These diaphragm valves, designated as 
Classes D-1 (cast iron or bronze) and 
DS-1 (steel) are normally supplied with 
the valve below the seat in closed posi- 





Leslie Class D-1 Diaphragm Regulating Valve 
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BIG REASONS 
FOR SPECIFYING = 


SWIVEL JOINTS 
















With management, operating and main- 
tenance men, CHIKSAN Swivel Joints 
get the preference because they provide 
for easy turning with low torque. This 
means less strain on pipelines and fittings 
and easier operation. There’s nothing 
to tighten or adjust...and that means 
longer service with less maintenance 
attention and fewer shutdowns. Over 
500 different Types, Styles and Sizes for 
pressures to 3,000 psi. and temperatures 
to 500°F., providing for full 360° rota- 
tion in 1, 2 and 3 planes. Write for 
latest catalog. 




















REPRESENTATIVES IN 
PRINCIPAL CITIES 

EXPORT REPRESENTATIVE: Chiksan Export Co., Brea, Calif. 

Branches: New York 7, Houston 2 









CHIKSAN COMPANY 


BREA, CALIFORNIA 
New York 7 





SWIVEL JOINTS 
FOR ALL PURPOSES 






Houston 2 





tion, opening with diaphragm pressure. 
However; by use of a new type revers- 
ing superstructure, the valve can be 
changed to a normally open below the 
seat position, closing with diaphragm 
pressure, without changing internal 


parts, removing main body from pipe 


line, or cutting valve stems. 
CHECK THE CARD AT PAGE 249 


4—Pulsation Dampener 


J. A. Campbell Company, 645 East 
Wardlow Road, Long Beach 7, Califor- 
nia, has announced availability of an im- 
proved pulsation dampener for gauges 
and governors. The “Micro-Bean” is 
available in all-brass and all-steel with 
stainless-steel stem. No piston is re- 
quired. Temperature has no effect on 
the viscosity and surface tension of 
liquids within the line. The manufac- 
turer states that in all pulsation damp- 
eners scoring is inevitable because of 
the extreme viscosity through the re- 
stricted passaze, and that most dampen- 






Phantom view of “Micro-Bean” fitted to a gauge 


ers have a tendency to score out after a 
year or two. To overcome this problem, 
the “Micro-Bean” is provided with a 
screw which when turned slightly will 
bring back the seating to perfect con- 
trol. This can be repeated every two 
years or so. When the micro-plug even- 
tually becomes scored up the scores can 
be eradicated by opening and closing 
the valve tightly about 10 times. 

The “Micro-Bean” is stocked in %- 
%- and ™%-inch, for pressures up to 6000 
pounds. 

CHECK THE CARD AT PAGE 249 


5—Low-Speed Tachometer 


Metron Instrument Company, 432 
Lincoln Street, Denver 9, Colorado, has 
announced availability of a new low- 
speed hand tachometer, Type 25B, for 
direct measurement of speeds down to 
10 revolutions per minute and 1 foot per 
minute, It has three ranges of 10 to 200, 
20 to 400, and 50 to 1000 revolutions per 
minute. 

This tachometer consists of the head, 
which is normally held in the left hand, 
and the indicating unit which is normal- 
ly held in the right hand when making 
measurements. This arrangement is con- 
venient when measuring speeds of fo 
tating shafts in inaccessible places. Fin- 
ger-tip control is provided on the indi- 
cating unit so that the speed range ca” 
be easily changed by the thumb of the 
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Metron Low-Speed Tachometer 


right hand while making a measurement. 
No damage will result to the instrument 
if the speed range is varied while the 
tachometer head is engaged with the 
rotating shaft. Also, the tachometer 
cannot be damaged by overspeeding. 

The tachometer head is a contacting- 
making mechanism similar to the blades 
of a relay. It is, in effect, a double-pole, 
double-throw switch which is operated 
by the rotation of the shaft or spindle 
extending from the tachometer head. 
When this spindle rotates, the switch 
blades oscillate, and thus the direction 
of rotation of the shaft does not affect 
the reading. This double-pole, double- 
throw switch is connected in a series 
circuit consisting of a battery, a con- 
densor and a milliammeter. Oscillation 
of the switch blades alternately charges 
and discharges the condensor by means 
of the battery. This permits current to 
flow in small charges from the battery 
through the milliammeter. The circuit 
is designed so that the current is ex- 
actly proportional to the speed of the 
spindle. The circuit values are chosen 
so that the accuracy is not dependent on 
the time of contact dwell or on the con- 
tact resistance. The meter does not re- 
spond to each charge but reads average 
current instead. 

The accuracy of this tachometer is 1 
percent of full scale and is ruggedly 
built for sustained accuracy. The head 
contains only one rotating part which is 
mounted in permanently lubricated ball 
bearings. This instrument is supplied 
complete in a carrying case with contact 
tips and discs for measuring linear 
speeds. 

Low- and high-speed adapters are 
available for this tachometer for extend- 
ing its range down to 1 and up to 10,000 
revolutions per minute. 

CHECK THE CARD AT PAGE 249 


6—Expansion Joint 


MagniLastic Division of Cook Elec- 
tric Company, 2700 North Southport 
Avenue, Chicago 14, IIl., announces its 
new anchor joint, latest in its line of 
packless expansion joints. 

The anchor joint combines rigid an- 
choring of piping at accessible points, 
with allowance for unequal thermal ex- 
pansion and contraction on either side 
ot the anchor point, due to differences 
m pipe length, ambient temperatures, 
*xposure, etc. This is accomplished by 
varying the number of bellows flanges 
on either side of the anchor base to ac- 
‘ommodate each condition encountered. 
‘here severe hydraulic surges within 
Piping occur, anchor joints also minim- 
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Schematic diagram showing 
basic mechanism of pebble 
heater developed by The Bab- 
cock & Wilcox Company, as 
illustrated in the photograph. 


ize the transmission of shock to fittings 
and adjacent structures. 

MagniLastic Anchor Joints are made 
for standard pipe sizes from % to 24- 
inch. The expansion flanges are sup- 
plied from any one of the standard 
MagniLastic 25-, 55-, 150-, 400- or 1000- 
pound series, to accommodate all pres- 
sures from vacuum to 1000 psi. Joints 
of stainless steel, Monel, Inconel and 
copper cover all commonly-met cor- 
rosive conditions. Temperatures handled 
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MagniLastic Anchor Joint 


ranged from —300° F. to 1600° F. A 
variety of standard fittings such as el- 
bows, tees, ells, Y’s, etc., can be incor- 
porated into anchor joints to make a 
single, compact, accessible unit. Weld- 
ing ends are regularly supplied, with 
pipe flanges and inner linings optional. 

Anchor joints are applicable to all 
forms of indoor and outdoor piping sys- 
tems, Standard anchor base dimensions 
for all pipe sizes, and quotations for 
specific requirements, may be obtained 
by writing the manufacturer. 

CHECK THE CARD AT PAGE 249 


7—Chemical Feeder 


The American Water Softener Com- 
pany, Lehigh Avenue and Fourth Street, 
Philadelphia, has available an illustrated 
bulletin on Corrective Chemical Feeding. 


September, 1946—A Gulf Publishing Company Publication 





8—Heat-Transfer Unit 


The Babcock & Wilcox Company, 85 
Liberty Street, New York 6, has de- 
veloped a new form of heat-transfer 
unit, called the “pebble heater,” capable 
of heating gases above the operating 
temperatures permissible in metallic heat 
interchangers. The principle involved 
consists of raising to high temperatures 
a constantly moving column of pebbles 
made of a_ heat-resistant non-metallic 
material, and then passing the gas to be 
heated through the interstices of the 
moving pebble column. The unit has 
been used to heat air to 2300° F. and 
steam to 1800° F., it was said. 

The heater is described as consisting 
of two cylindrical chambers, one’ above 
the other, connected by a throat sec- 
tion of reduced diameter. By filling the 
chamber and throat with refractory peb- 
bles, permeable beds are formed through 
which gases can be made to travel. At 
the outlet of the bottom chamber, there 
is a mechanical feeder which controls 
the rate at which the pebbles are con- 
veyed continuously back to the top of 
the upper chamber. The pebbles in the 
heater move downward at a constant 
rate during the entire operation. 

Fuel and air are burned in a com- 
bustion chamber, and the products of 
combustion flow through hot gas inlets 
into the top chamber and then upward 
through the bed of downwardly moving 
pellets and out the stack at the top. 
The heated pebbles pass through the 
throat section to the lower chamber. At 
a point near the bottom of the lower 
chamber, the gas to be heated is intro- 
duced. The gases pass through a screen 
to provide uniform distribution, then 
travel upwardly through the heated peb- 
ble bed and leave at a point near the 


‘top of the lower chamber. 


In operation, the pressures in the 
two chambers usually are maintained at 
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SUIP EAMES 


is preferred by leading re- 
fineries because of its high 
copper content. dependable 
uniformity and exceptional pu- 
rity and freedom from foreign 
and inert matter. 


99% + PURE 


Quotations on request, on any 
quantity required. Shipments 
can be made from our nearest 
plant. 
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diagonal and U shapes —with Safety Steps. Ask for Bulletin 1140. 


DRAVO CORPORATION, NATIONAL DEPARTMENT 
300 PENN AVENUE, PITTSBURGH 22, PA. 
(Distributor for THE TRI-LOK COMPANY) 





the same value, so that there is no gas 
flow through the throat section. Zero 
gas flow, or a flow in either direction, 
can be maintained by automatic control 
of a damper in the exit stack of the 
upper chamber. 

“One of the first applications of the 
pebble heater,” an announcement said, 
“has been for heating the air used for 
combustion of fuels. By using highly 
preheated air, temperatures can be 
reached which generally have been con- 
sidered to belong in the field of electric 
furnaces, and far exceed temperatures 
required for melting steel. 

“In the field of refractories, which 
covers the making of materials for fur- 
nace constructions, a continuous melt- 
ing operation has been developed in 
which furnace construction materials 
can be melted and poured like molten 
steel, to give them even greater tem- 
perature resistance. Another interesting 
development in connection with the 
melting of refractories is the production 
of a refractory mineral fibre which is 
capable of a very high temperature use 
limit. Mineral fibres made with this ap- 
paratus can be used in chemically cor- 
rosive applications, for filtering out dust 
from high-temperature gas streams, and 
as a packing material to fill expansion 
joints in refractory furnace construc- 
tion. These fibres can also be used to 
advantage as heat insulation where 
weight is important, such as the insula- 
tion of jet motors. 

“In the general field of process chem 
istry, the pebble heater, because of its 
large heat transfer surface, is particu- 
larly suited for rapid heating of gases 
to high temperatures.” 

CHECK THE CARD AT PAGE 249 
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OPEN STEEL FLOORING 


Extra strong construction — openings closely spaced— available in rectangular, 








9—Gas Scrubbers and Coolers 


Peabody Engineering Corporation, 580 
Fifth Avenue, New York 19, has issued 
Bulletin No. H-202, on Peabody gas 
scrubbers and coolers. It summarizes 


recent developments and applications. 
CHECK THE CARD AT PAGE 249 


10——Process Controllers 

Bailey Meter Company, 1050 Ivanhoe 
Road, Cleveland 10, Ohio, has issued its 
culletin 17, in which process controllers, 
control components, measuring compo- 
nents and instrument combinations are 
briefly described and illustrated. Appli- 
cation data such as sizes, pressure stand- 
ards and ranges are listed for the vari- 
ous components, Typical control sys- 
tems of both single- and multiple-ele. 


ment types are illustrated. 
CHECK THE CARD AT PAGE 249 


11—Portable Pyrometers 
Wheelco Instrument Company, 847 
West Harrison Street, Chicago 7, has 
available Bulletin D602-4, which de- 
scribes the company’s line of portable 
pyrometers. Specifications for selection 
of extension holders, adapters and ther- 
mocouple tips are listed in chart form 

CHECK THE CARD AT PAGE 249 


12——Gas-Diesel Engine 
The Cooper - Bessemer Corporation, 
Mt. Vernon, Ohio, is distributing Bul- 
letin No. L-51, which gives engineering 
specifications of its Type LS Gas-Diesel 
Engine. 
CHECK THE CARD AT PAGE 249 


13——Compress Units 

The Cooper- Bessemer Corporation 
Mt. Vernon, Ohio, is distributing Bul- 
letin No. 338, descriptive of its Type 
GMX Compressor Unit which was re- 
cently announced. Photographs and col- 
ored sectional drawings are included 
with full engineering details. 

CHECK THE CARD AT PAGE 249 


14—Floor Treatments 


Truscon Laboratories, Inc., Caniff and 
G. T. Railroad, Detroit 11, Michigan 
has issued a new specification book cov- 





ering floor treatments—concrete and 
wood. 
CHECK THE CARD AT PAGE 249 
> 
15—Packing 


Raybestos-Manhattan, Inc., Manheim 
Pennsylvania, has jssued a 64-page cata- 
log which includes illustrated descrip 
tions of its line of mechanical packings. 
together with charts showing types of 
service for which each style of packing 
is recommended. 

CHECK THE CARD AT PAGE 249 


16—Thermometers 


Palmer Thermometers, Inc., 2501 Nor- 
wood Avenue, Cincinnati 12, Ohio, has 
issued Bulletins 46-2 and 46-3 which 
give detailed description and _ illustra 
tion of thermometers of the company’ 


manufacture. 
CHECK THE CARD AT PAGE 249 


17——Turbo-Blowers, Compressors 

Allis-Chalmers Manufacturing Com- 
pany, Milwaukee 1, Wisconsin, has 1S 
sued a 16-page booklet designed io 
student training, which explains the 
workings of turbo-blowers, rotary com: 
pressors and vacuum pumps. The book- 
let shows construction of the companys 
turbo-blower and tells why it is impor 
ant that complete information be fur 
nished to figure blowers correctly. Re 
produced are curves depicting pressurt 
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ONLY G-R BUILDS 

THIS WIDE VARIETY 

OF HEAT TRANSFER 
APPARATUS 

















SHELL and BARE TUBE 
Heaters, Coolers, Condensers, 
Heat Exchangers 
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G-FIN 
longitudinal-finned elements 
for greater heat conductivity 





K-FIN 
Helical-finned elements 
for vapors and gases 
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BENTUBE SECTIONS 
with scale-shedding elements 
for hard or salt water 


Some Distinctive 
Design Details of 
G-R TUBULAR EXCHANGERS 


7 
Leak-proof joints between passes 
in stationary and floating heads. 


. 
Head closures that eliminate 
heavy bolts for high pressures 
and include readily adjustable, 
visible pressure seal. 

. 


Accurate fit between transverse 
baffles and shells. 
© 


Maximum sirength and. lasting 
tightness at tube sheet joints. 


WHAT G-R EXPERIENCE 


in building heat exchangers 


MEANS TO YOU 


The 80 years of G-R specialized experience means an unequalled 
background of solving heat transfer problems of every kind in every 
industry. 

And this experience means far more. It includes continued pioneering 
in developing heat exchanger designs for greater effectiveness... . 
for more dependable operation ..... for lower maintenance expense. 
It includes the introduction of many forms of heat transfer surface 
which have greatly extended the application of heat exchangers. 


The wide range of heat transfer surfaces and heat exchanger designs 
which have been developed by Griscom-Russell further assures im- 
partial as well as authoritative recommendations for your particular 
requirements. 


GRISCOM-RUSSELL .. . . Pioneers in Heat Transfer Apparatus 
. have the answer to YOUR heat transfer problems. 


THE GRISCOM-RUSSELL CO. 


285 Madison Ave., New York 17, N. Y. 


GRISCOM-RUSSELL 


Pianeens in Heal Taansfer Al 7272 wats 
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volume, influence of water vapor on vol- 
ume, and correction curves for volumes 
tO maintain constant air weight with 
changes in temperature and barometric 


pressure. 
CHECK THE CARD AT PAGE 249 


18——Resinous Cement 


Nukem Products Corporation, Buf- 
falo 20, New York, has available an in- 
formative folder descriptive of Nukem 
All-Purpose Resinous Cement. It in- 
cludes a resistivity chart, and gives per- 
tinent data on physical properties and 
application. 

CMECK THE CARD AT PAGE 249 


19——Laboratory Pilot Plant 


Fansteel Metallurgical Corporation, 
North Chicago, Illinois, is distributing 
Form F-540, descriptive of its Tantalum 
Acid-Proof Laboratory Pilot Plant. 


20—Gaskets 


United States Gasket Company, Cam- 
den, New jersey, has issued a new bul- 
letin on its Ajax spiral wound metal 
and asbestos gaskets. This booklet con- 
tains a-wealth of engineering data on 
construction and application on various 
tvpes of gaskets. 

CHECK THE CARD AT PAGE 249 


21—Bus Duct 

Westinghouse Electric Corporation, 
Box 868, Pittsburgh 30, has issued a 40- 
page booklet (B-3714) to aid in selection 
and application of a bus duct system to 
provide flexible, accessible power in in- 
dustrial plants. It diagrams and analyzes 
step by step three typical bus duct in- 
stallations. Drawings and photographs 
of the duct components illustrate instal- 
lation, construction and design of the 





YOU BUY PROTECTION 


WHEN YOU BUY 


STOKES 
SERVICE 


Covering up will not arrest corrosion. Its cause must be 
removed, and here’s where STOKES cleaning service steps 
in. Then when corrosion-resistant paints of standard 
quality are applied you can expect longer life from refin- 
ing equipment, storage tanks—all metal construction. 
Play safe—PUT STOKES SERVICE on guard. 


R. A. STOKES « 


635 NIXON BLDG. 


CORPUS CHRISTI, TEXAS 





equipment. The engineering data section 
of the booklet includes standard ratings 
of main breakers, temperature conver- 
sion tables, formulas for determining 
amperes, horsepower, kilowatts and kilo- 
volt-amperes, and load power factor 
curves, and other information designed 
to aid in correctly applying bus duct, 
and in selecting power take-off devices. 
CHECK THE CARD AT PAGE 249 


22——Expansion Joints 


MagniLastic Division of Cook Elec- 
tric Company, 2700 Southport Avenue, 
Chicago 14, Illinois, has revised and en- 
larged its Catalog 265M, which lists 
complete engineering data, dimensional 
tables and specifications for MagniLas- 
tic’s standard packless expansion joints, 
anchor joints and low-pressure large- 
diameter expansion joints. It contains 
information on other recent develop- 
ment of the company’s products, such 
as offset, turbo and jacket joints, and 
includes material on high-temperature 
exhaust bellows and heavy-duty clinch- 
lock bellows. 

CHECK THE CARD AT PAGE 249 


23—Squirrel-Cage Induction 
Motors 


The Louis Allis Company, Milwau- 
kee 7, Wisconsin, has released a new 
Bulletin No. 720, covering its Type OG 
(protected type) standard squirrel-cage 
induction motor. This bulletin, hand- 
somely illustrated with sectional photo- 
graphs, fully covers construction, fea- 
tures, and some typical applications of 
the motor. 

CHECK THE CARD AT PAGE 249 


24—Magnesia Insulation 


The Magnesia Insulation Manufactur- 
ers Association, 1317 F Street, N. W., 
Washington 4, D. C., recently has issued 
No. 1 of NIMA News, to be issued 
quarterly, Announced purpose is to es- 
tablish a helpful medium of contact be- 
tween users of 85% magnesia insula- 
tion and the manufacturers, and to pub- 
lish helpful information about heat in- 


sulation. 
CHECK THE CARD AT PAGE 249 


25—Refractories 


Chas. Taylor Sons Company, Cincin- 
nati, Ohio, has available an informative 
illustrated booklet, Bulletin 201, on Tay- 
lor Zircon refractories for high-tem- 
perature service and special applications. 
This bulletin should interest anyone con- 
cerned with the specification or use ol! 
refractory materials. 

CHECK THE CARD AT PAGE 249 


26—Vibration Insulators 


The B. F. Goodrich Company, Akron, 
Ohio, has available a new bulletin on its 
line of “Vibro-Insulators,” devices 0 
rubber and metal to cushion equipment 


and reduce vibration and noise. 
CHECK THE CARD AT PAGE 249 


27—Alloy Metal Wire 


Alloy Metal Wire Company, Pros 
pect Park, Pennsylvania, has issued 4 
new catalog, D-2, on wire, rod and strip. 
It includes engineering information om 
strength, electrical resistivity, modulus 
of elasticity, heat treatment, temper | 
ture limits, and magnetic properties. ie 
metals covered are the high-nickel-com® 
tent alloys, Monel, nickel, “Z” nick 
“L” nickel, Inconel, and_ specializ 
Monels (“K,” “R” and “KR”) for ma 
chining and heat-treating properties. 

CHECK THE CARD AT PAGE 249 
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of Eliminates ‘‘rolled-in’’ tubes 
Absorbs creep 
Multiplies seat pressure 


ed Prevents header leaks KEE 
e- 


2: Obviates need for steam in 
b- header boxes 


Milinitiiinudadianh Vi r0nGER 


-. fliminates seal welding 
Permits faster ‘‘heading-up”’ 


n- Permits replacement of a single 
ot tube 





ls interchangeable 


The design of UNIBOLT Stream- 
lined Return Bends and other furnace 
fittings employs a metal ring gasket 
to effect a seal between the upset 
tube and the return bend body. Utiliz- 
ing the same mechanical principle as 
the UNIBOLT Coupling which has set 
new high standards of efficiency in 
the drilling, production and pipeline 












divisions of the industry, the superior - 





THORNHILL-CRAVER COMPANY 


HOUSTON, TEXAS 















design of UNIBOLT Furnace Fittings 
has been proven in recent months on 
a number of unusual installations 
where furnace outlet temperatures 
range up to 1600° F. 

Refinery engineers who are faced 
with the problem of safely sealing 
light gases or corrosive charging 
stocks at temperatures above 1000° F. 
are invited to write for Bulletin R-42. 



























--.non-rusting 

bolts, nuts, screws, 

washers, rivets, nails 

made of brass, bronze, > 

copper, Monel or stainless 
steel. Write forcircular. 4 


THE H. M. e 
COMPANY 2663 Fletcher @ 
Street, Chicago 18, Ill. 
Branch offices or 

representatives 
in principal 
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WELD PIPE 


Faster... Easier... Truer 


JEWEL PIPE 
CLAMPS | 


They align pipe perfectly and hold it secure 
for tacking. On in a minute—off in ten 
seconds, Two sizes, 4% to 8 in. — 8 to 16 in. 
aoe construction resists strain, heat, and 
abuse. 


Other Jewel Clamps for Ells, long and short 
turn — for Flanges — for Headers. Also Pipe 
Marker, eliminates patterns for holes and 
saddles. 

So simple —so easy to use — Jewel Tools 
are proving big time-savers in refinery pip- 
ing fabrication and erection. 





Write Today for Details and Prices 


JEWEL Manufacturing Company 


1841 University Ave. 
ST. PAUL 4, MINNESOTA 
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International Nickel Opens 
Texas Technical Section 
Nickel 


The International Company, 
Inc., has opened a 
Texas technical sec- 
tion of its develop- 
ment and research 
division, in the Bank- 
ers Mortgage Build- 
ing, Houston, with 
R. J. Rice, metal- 
lurgical and chemical 
engineer, in charge. 
The section will fur- 
nish industry tech- 
nical information and 
assistance relating 
to alloys containing 
nickel. Its activities 
will cover Texas, 


R. J. Rice 


Oklahoma, Louisiana and the south half 


of Arkansas. 

Rice was associated with Beaumont 
Iron Works Company from 1933 to 1938, 
responsible for operation of that com- 
pany’s metallurgical department, melting 
shop, heat-treating department and speci- 
fications for steels and irons. Later he 
was associated with Metal Goods Cor- 
poration, Houston, as foundry: engineer 
and metallurgist, directing his activities 
toward use of nickel in iron and steel 


foundries and industrial application of 


nickel-containing alloys. In January, 
1942, he went to Washington as senior 
industrial specialist in the manganese- 
chrome branch of WPB, and the follow- 
ing October was commissioned lieu- 
tenant (j.g.) and assigned to the Navy’s 
office of procurement and material, with 
additional duties on the staff of the 
Army-Navy munitions board. In Octo- 
ber, 1945, he was assigned as seizure 
officer at The Standard Oil Company’s 


| Toledo, Ohio, refinery, and later in the 


same capacity at Phillips Petroleum 
Company’s Kansas City, Kansas, plant. 
He was released from the Navy early 
this year with the rank of lieutenant 
commander, 


McConnor Succeeds Goble as 
National Tube Sales Head 


William F. McConnor has _ been 
named vice president in charge of sales 
of National Tube Company, succeeding 
John E. Goble, who has been elected 
president of the company. Goble suc- 
ceeds Charles R. Cox, who moved to 
the presidency of Carnegie-IIllinois Steel 











W. F. McConnor 


Suppliers 








Corporation, the latter position having 
been made vacant when J. Lester Perry 
became assistant to the president of 
United States Steel Corporation, of 
which the two mentioned companies are 
subsidiary. 

McConnor began his career as an ap- 
prentice engineer with York Manufac. 
turing Company, in 1914, following 
graduation from Lehigh University. He 
went with National Transit Company 
in 1915, as a draftsman and designer 
on engines for pipe lines. Two years 
later he joined National Tube Com. 
pany’s Pittsburgh engineering depart- 
ment. In 1920 he was made assistant 
superintendent of the large pipe depart- 
ment, and from 1923 to 1931 he was an 
assistant to the vice president on steel 
distribution and seamless pipe. He was 
assistant general manager of sales from 
1931 to 1936, when he became general 
manager of sales. 

Goble has_ been 
United States Steel Corporation sub- 
sidiaries 21 years, having joined Oil 
Well Supply Company in 1925 as South 
American representative working out 
of Maracaibo. In 1929 he became as- 
sistant manager of export sales at New 
York, two years later became manager 
of the export department, and remained 
in that position until elected vice presi- 
dent of National Tube Company in 
1936. 


connected with 


Slater Manager of Tank Sales 
For American Car and Foundry 


R. S. Slater has been appointed man- 
ager of tank-car sales for American Cat 
and Foundry Company, and as such 
will be in charge of sales of tank cars 
storage tanks and pressure vessels. He 
will continue his headquarters at New 
York. 

Slater started his career with Amer 
can Car and Foundry Company in 192! 
as an expediter in the material assem: 
bly division of the purchasing depart 
ment in New York. In 1935 he trans 
ferred to the sales department and i 
1936 was appointed sales agent in the 
New York sales department. 


Rockwell Manufacturing Company 
Adds Hydraulic Division 


A new Hydraulics Division has bee! 
established by Rock- 
well Manufactur- 
ing Company, Pitts- 
burgh. W. H. Marsh 
has been appointed 
general manager of 
the division, which 
will specialize in the 
development of hy- 
draulic equipment. 

Marsh attended 
Cornell University 
where he studied 
mechanical engineer- 
ing. He joined Pitts- 


burgh Equitable W. H. Marsh 
Meter Division of ; 
Rockwell Manufacturing Company 


1934 after previous experience ¥" 
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to the PALMETTO family. PALMETTO Pyramid, a new design 
principle in all-purpose molded “Vee” type packings, seals 
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completely with simple finger-tightening...andisentirely [~~ 7 
automatic in performance. A unique “arrowhead reservoir” GREENE, TWEED & CO. tall 

stores and distributes lubricant. The result is reduced friction { New York 66, N .Y. 1 

Epa loos wear and that means longer packing life and longer see een PALMETTO a a ; 
equipment life. | Pyramid Packings discuss packing H 

; [ POD cris vesclabecdcbecionsccinccigaecineimmndiateetaaeae . 

I | 

. Compan I 

GREENE, TWEED & CO. , " 

harsh Manufacturers of PALMETTO Packings ' IID a cnnnsie nit dcnsied cnn imansethateinibatetueaihaiattinin deed . 
mat BRONX BLVD. AT 238th ST. NEW YORK 66, N. Y. ee Stabe 0. ..oo0e moesenans 
Plants at New York, N. Y. and North Wales, Pa. Bh. acm cx sate com ip cans nel tui clan ulin ti rnb enna aes audience 


No." September, 1946—A Gulf Publishing Company Publication any 








WANTED 
FOR FOREIGN SERVICE 


REFINERY SUPERINTENDENT 


We want a man of wide experi- 
ence in topping, cracking, treating 
and all other phases of modern 
oil refinery operations, enabling 
him to take full charge of a large, 
complete refinery. Technical ability 
required and with it, exceptional 
initiative, executive ability and re- 
sourcefulness. 


CHIEF ENGINEER 


Must have wide and varied ex- 
perience which qualifies him to 
take full charge of construction, 
maintenance and process engineer- 
ing of a large, complete oil re- 
finery. Exceptional initiative, ex- 
ecutive ability and resourcefulness 
required. 


MARINE 
TERMINAL MANAGER 


Thoroughly experienced in all 
phases of marine movements of 
petroleum products and the design, 
construction, operation and main- 
tenance of a marine terminal. 


Address: Box 18-R, 
c/o Petroleum Refiner, 
Houston, Texas 








DRAFTSMEN 


DESIGNERS AND CHECKERS 
with experience oa 
Structural Steel and Concrete 
Process Piping 
Pressure Vessels 


The Boston office of E. B. 
Badger and Sons Co., inter- 
nationally famous chemical 
engineering organization, of- 
fers qualified men well-paying 
positions. This is a fine oppor- 
tunity for men who would en- 
joy working in congenial sur- 
roundings and with pleasant 
cooperative associates. A per- 
sonal interview’ can be ar- 
ranged in your city. This is not 
a temporary position. Write, 
giving full details of back- 
ground and experience, salary 
wanted, etc., to 


Mr. William M. Rose, Personnel Director 
E. B. Badger and Sons Co. 
75 Pitts Street, Boston, Mass. 


Pittsburgh Coal Company, Gulf Refin- 
ing Company, John F. Casey and Penn- 
sylvania Pump Company. 

The Hydraulics Division, it was ex- 
plained, is an outgrowth of the gun- 
pointing program Marsh directed dur- 
ing the war, and .which was closely 
aligned with a standard product of 
Rockwell Manufacturing Company. 

E. R. Gilmore, who has been chief 
engineer of Emco products, has been 
appointed chief engineer of the Pitts- 
burgh Equitable Meter Division. He 
was graduated from Rensselaer Poly- 
technic Institute in 1920 and since that 
time has been engaged in the field of 
measurement and control. 


Ensminger Head Mathieson 
Fire Protection Department 


The Mathieson Alkali Works has en- 
tered the fire-protec- 
tion field with both 
high- and low-pres- 
sure carbon dioxide 
equipment. The com- 
pany operates a large 
carbon dioxide plant 
at Saltville, Virginia. 

C. T. Longaker, 
manager of the com- 
pany’s carbon dioxide 
division, has named 
Harry Ensminger to 
head the fire-protec- 
tion department, with 
headquarters at the 
New York office, 60 
East 42nd Street. 

The company proposes to specialize in 
built-in systems, and its -engineering 
service will include surveys to determine 
fire-protection requirements, plans for 
systems, and supervision of installation. 
For large users, recharging problems 
will be simplified by the company’s re- 
cently announced dry-ice liquefier which 
has a capacity of 1000 pounds of carbon 
dioxide. For others, recharging facilities 
are available at 16 distribution centers. 

Ensminger became affiliated with The 
Mathieson Alkali Works in 1945. Prior 
to that time he was sales manager of 
the Electronics Division of Federal-Tele- 
phone and Radio, and before that was 
sales manager for Cordox Corporation 
for about six years. 


Karl Johnson Moves to Chicago 
With J. F. Pritchard Company 


Karl Johnson, sales engineer repre- 
senting all divisions 
of J. F. Pritchard & 
Company, recently 
has been transferred 
to ‘the company’s 
Chicago office. He 
has been with the 
company’s Tulsa of- 
fice since January 1, 
shortly after his dis- 
charge from Navy 
service. 

Johnson — received 
his degree in me- 
chanical engineering 
from University of 
Kansas in 1938. His 
experience includes a year with a con- 
sulting engineering company in Kansas 
City, and two years with Westinghouse 
Electric Corporation before entering 
the Navy. During four years of the 
latter service he was an engineering 
officer in both the Atlantic and Pacific 
theaters. He was put on inactive status 
as a lieutenant (senior grade). 


Harry Ensminger 


Karl Johnson 


Scamman Joins Houston Oil 
Field Material Company Staff 


Charles W. Scamman has joined 
Houston Oil Field 
Material Company, 
Houston, and is con- 
nected with its in- 
dustrial sales depart- 
ment which special- 
izes in heavy chemi- 

cals. 
Scamman gradu- 
ated from The Rice 
Institute in 1925 and 
for a number of years 
Was associated with 
Stanley Gill, consult- 
he ongsaees at 
ouston. or the 
C. W. Scamman past four years he 
has been associated with J. S. Aber- 
crombie Company and Harrison Oil 
Company as engineer on construction of 
their plant at Sweeney, Texas. While on 
that job he served as engineer and ad- 
visor for the purchasing department on 

engineering products. 


Beaumont Laboratory Offers 
Equipment Inspection Service 


The Industrial Radiography Labora- 
tory recently was 
opened in Beaumont 
for the purpose of 
serving the  petro- 
leum industry in the 
detection of corro- 
sion and erosion ac- 
tions in equipment 
through the use of 
electronic and other 
similar methods. J. 
H. Stewart, presi- Se, 
dent, formerly was F 
chief chemist and as- ag | Aa 
sistant metallurgist — 
with Beaumont Iron 
Works Company. 
Stewart is a member of the Texas- 
Louisiana Gulf Section of the Ameri- 
can Chemical Society. 


J. H. Stewart 


Chavigny Opens Equipment 
Sales Office at Houston 


Charles L. Chavigny, operating as C. 
L. Chavigny Company, has opened oi- 
fices in the Sterling Building, Houston, 
to act as sales representative of manu- 
facturers of specialized types of process- 
ing equipment for oil-refining and chem- 
ical plants. 

Chavigny recently was placed on in- 
active duty with the rank of lieutenant 
commanded, after 3%4 years in the 
Navy. 


Johnson Joins A. O. Smith 
Corporation at Los Angeles 


W. Stuart Johnson has joined A. 0. 
Smith Corporation as 
manager of hydrau- 
lic products sales in 
the Pacific Coast dis- 
trict. He will make 
his headquarters in 
the Los Angeles of- 
fice of the company. 

Johnson previously 
was with Southern 
California Edison, 
Inc., as engineer in 
charge of pumping 
equipment, He was a 
major in the war, 
serving as a produc- 


tion engineering offi- W. S. Johnson 
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NORDSTROM LUBRICATED VALVES 
FISHER 


Automatic Controllers 


TUBE-TURNS 


Tees, Reducers, Flanges and Welding Caps 


NATIONAL 


Pipe and Steel Tubes 


CHASE 


‘‘Antimonial Admiralty’’ Condenser Tubes 


VINSON in SPL |) 


DALLAS e TULSA e¢ ODESSA 
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If you need condenser or heat ex- 


changer repairs in a hurry call us. We 


specialize in fast, high quality work 


25 Years Successful Experience. 











RUST-OLEUM 


“THE MIRACLE PAINT” 


PROTECTS YOUR 
METAL SURFACES 
FROM 


CORROSION 





(See Page 968—Refinery Catalog) 


RUST-OLEUM 


CORPORATION 
EVANSTON, ILLINOTS 
TEXAS BRANCH 
1935 Commerce St., Dallas, Texas 








For 

CORROSION 
RESISTING 
EQUIPMENT 


See Page 991 
1945 


REFINERY 
CATALOG 


The Edward Soph Co. 


el Phone 3-6659 


TULSA, OKLAHOMA 





| cer with the air technical service com- 











mand. ‘Prior to his war service, he was 
associated with the Byron Jackson Com- 
pany and Ingersoll-Rand Company. 

He is a mechanical engineering gradu- 
ate of California Institute of Technology 
at Pasadena, California. 


Ray Miller Goes With 
Du Pont at Wilmington 


Ray E. Miller, vice president of War- 
ren Petroleum Corporation, in charge of 
Gulf Coast sales, has become associated 
with E. I. du Pont de Nemours & Com- 
pany, and will have headquarters at 
Wilmington. Miller will be sales direc- 
tor of the chemicals division of the or- 
ganic chemicals department. He will set 
up a new department to handle sales to 
the petroleum industry. 

Miller was a vice president of Hanlon- 
Buchanan, Inc., Tulsa, at the time of its 
merger with the Warren organization. 
He had been in Houston only a few 
weeks prior to joining the du Pont or- 
ganization on September 1. He has been 
active in natural-gasoline circles over a 
long period, having served as both sec- 
retarv and president of the Natural 
Gasoline Association of America. 


Farley, Schlegel Get New Posts 
With Brown Instrument Company 


I. K. Farley has been named petro- 
leum industry sales manager of The 
Brown Instrument Company, Philadel- 
phia. 

R. A. Schlegel has been transferred 
from Chicago to the New York office 
where he will assume duties formerly 
under supervision of Farley. 

Farley will coordinate field sales acti- 
vities in the petroleum industry and con- 
duct market studies. He will make his 
headquarters at the Philadelphia main 
office of the company. Schlegel will have 
charge of petroleum accounts in the 
New York area. 


Hovey Named Vice President 
The Harshaw Chemical Company 


Waldo C. Hovey has been elected vice 
president in charge of research_and de- 
velopment of The Harshaw Chemical 
Company, Cleveland, Ohio. 

Hovey graduated with a degree in 
chemical engineering from McGill Uni- 
versity in 1916. From 1916 to 1925 he 
was connected with Shawinigan Chem- 
icals Corporation as superintendent; 
from 1925 to 1944 with Niacet Chemicals 
Corporation, Niagara Falls, New York, 
as general manager, and since 1944 has 
been manager of plant operations for 
Wyeth, Incorporated, Philadelphia. 


Conaway Made Dalias Manager, 
New York Belt & Packing Company 

J. E. Conaway has been named man- 
ager of the Dallas 
district office of 
New York Belting 
& Packing Com- 
pany, succeeding 
Walter E. Belcher 
who has retired aft- 
er 51 years with the 
company. 

Conaway has been 
assistant to Belcher 
working out of 
Memphis. As man- 
ager at Dallas he 
will supervise sales 
in Texas, Louisiana, 
Mississippi, Arkan- 





J. E. Conaway 












sas, Oklahoma, and parts of Kansas 
and Tennessee. 

New York Belting & Packing Com- 
pany also recently has appointed 
George G. Deverall as sales represen- 
tative in New England, New York. 
New Jersey and Eastern Pennsylvania, 
with headquarters at the general offices 
in Passaic, New Jersey. 

Deverall recently was released from 
military service after serving since 1940 
in the Pacific. Since 1943 he was on 
General MacArthur’s headquarters staff. 
retiring as colonel... Previously he was 
with the company 15 years at Passaic 


General Detroit Corporation 
Opens Philadelphia Office 


Elmer A. Marquardt 
has been appointed 
zone sales manager 
in charge of an office 
recently opened by 
The General Detroit 
Corporation and The 
General Pacific Cor- 
poration at 1427 North 
Broad Street, Phila- 
delphia. As both of- 
fice and warehouse, 
the new branch will 
serve the tri-state 
area surrounding the 
city. 





E. A. Marquardt 


De Laval Announces Aircraft 
Gas Turbine Development 


One of the largest government-spon- 
sored aircraft gas-turbine experimental 
projects in the country has been identi- 
fied with De Laval Steam Turbine Com- 
pany, Trenton, New Jersey. 

H. L. Watson, president of the com- 
pany, formally announced completion of 
plans for the project, which is being car- 
ried out by the recently organized De 
Laval Aircraft Gas Turbine Division. 

While details of the new aircraft gas- 
turbine could not be made public it was 
disclosed that the project involves, 
among other features, a new and un- 
usual concept of compressor and gas- 
turbine design. 

The new aircraft gas-turbine designs 
are identified with Rudolph Birmann, 
consulting engineer, who for many years 
prior to the war was in charge of De 
Laval turbine design and, since 1937, 
has been prominently associated with 
research, design and manufacture of air- 
craft compressors and gas turbines 


Timken Steel and Tube 


Names Three Representatives 
The Steel and Tube Division of The 
Timken Roller Bearing Company has 
appointed three district sales engineers: 
Sherman R. Lyle to the Cleveland dis 
trict, William Earle Bryden to the Chi 
cago district, and Alfred J. Kinnucam 
to the New York district. . 
Lyle graduated in 1938 from Cas¢ 
School of Applied Science with a bach- 
elor of science degree in metallurgica! 
engineering and received his Met. | 
degree from the same institution 
1945. After two years in the metallurg- 
ical department of Carnegie-IIlinois Stee! 
Company in Farrell, Pennsylvania, 
joined Timken in 1940 as a metallurgical 
assistant in the Steel and Tube Division 
In 1945 he transferred to metallurgica 
service, and six months later to the sales 
department. 
Bryden joined the Timken organiz@ 
tion as an assistant in the metallurgicé 
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1. Eliminates the possibility of “cutting out" behind 
the seat ring threads. 


2. Creates pressure seal by means of a gasket 
instead of threads. 


3. Insures perfect mating of gasketed sealing sur- 
faces. 


4. Assures piloted alignment of plug and seat. 


| Dall 5. Allows closer tolerance between plug and seat 
i a 


ring, for low rate of flow control. 


e } Ba | ry R ST 6. Provides easy use of interchangeable trim. 
| | 


_~ 


, i Permits use of high hardness trim material whi 
n- a | : cannot be machined by conventional gaat 


HAMMEL-DAHL COMPANY 


243 RICHMOND STREET PROVIDENCE, R. I. 


HOUSTON CLEVELAND 
ST. LOUIS, MO LOS ANGELES 
NEW YORK CHICAGC NEW. HAVEN 
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WANTED: Chemical Engineer. New York be 


firm requires chemical engineer 


neering 
jence in 


minimum of ten years practical 

process design and operation petroleum light ends 
units such as vapor recovery plants, stabilizers, 
ethylene recovery units, etc. For senior super- 
visory — Please state details of experience 
and sa . Address: Box 17-R, c/o 
Petroleum Refiner, Houston, Texas. 








GASOLINE PLANT—The Accounting Depart- 
ment of a major oil company can offer an 
exceptional opportunity to an experienced 
man thoroughly familiar with all phases of gas 
measurement and of gasoline plant operation 
and who has knowledge of accounting princi- 
ples. Give full information in first letter. Ad- 
dress: Box 16-R, c/o Petroleum Refiner, 
Houston, Texas. 





7 








Major oil company requires the services of six to 
eight experienced chemical or mechanical en- 
ineering graduates for its process engineering 
Sreartuset. Applicants should be thoroughly fa- 
miliar with the design of all types of refinery 
pom ee including pipe stills, thermal and 
catalytic cracking equipment, lubricating oil re- 
fining equipment, etc., with from four to ten 
years experience in this type of work. Plant ex- 
perience desirable. Salary commensurate with 
experience. Furnish complete outline of technical 
education, experience, previous employers, sal- 
aries received, references, and a 
Address: Box 86-R, c/o Petroleum Refiner, 
Houston, Texas. 
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| Allis Company, 


department in 1937 and in 1940 became 
sales engineer for the New York dis- 
trict, During the war he served first 
with WPB and then three years in the 
Navy. He has a bachelor of science de- 
gree in metallurgy from Case School 
of Applied Science. 

Kinnucan was on active duty with the 
Navy throughout the war. He graduated 
from Temple University in 1940, and 
went to work for Peter A. Frasses & 
Company, steel warehousing firm at 
Philadelphia, Later he joined Empire 
Finished Steel Corporation as district 
sales representative at Philadelphia. 


McDonald Joins Pacific 
Pumps’ New York Staff 


R. C. McDonald has been added to the 
New York staff of 
Pacific Pumps, Inc. 
A graduate in chem- . 
ical engineering from 
Northeastern Uni- 
versity, Boston, he 
has had experience 
in engineering and 
selection of pumps 
and compressors, re- 
finery and chemical 
plant installations 
with Worthington 
Pump and Machin- 
ery Corporation and 
Foster Wheeler Cor- 
poration. 





R. C. McDonald 


Meyer American Representative 
Oil Well Engineering Company 

A. Robert Meyer has been appointed 
American representative of The Oil 
Well Engineering Company, Ltd. (L on- 


don), and manager of the company’s 
New York office. He succeeds E. T. 
Landgraff, who resigned recently to 


join Chiksan Company. 

Meyer recently was discharged from 
the United States Army Air Force after 
3% years service, and previously was 
with National Supply Company at To- 
ledo, Dallas and elsewhere for 14 years. 


Newgquist in Charge of Sales 
For Roots-Connersville 


Ralph R. Newquist has been elected 
vice president in charge of sales of 
Roots-Connersville Blower Corporation, 
Connersville, Indiana. He is a graduate 
of Pennsylvania State College, and has 
been successively employed by Reliance 
Electric & Engineering Company, Louis 
and Allis- Chalmers 
Manufacturing Company. He is a mem- 


ber of AIEE, the Society of Naval 
Engineers, and -American Society of 
Naval Architecture and Marine Engi- 
neering. 


Erle J. Zoll Named President 
Chicago-Wilcox Company 


Erle J. Zoll recently was named 
president of Chicago-Wilcox Manufac- 
turing Company, Chicago. In addition 
to his new duties he will continue to 
be in charge of sales, as he has been 
for the past 29 years. 


Weston Electrical Instrument 
Corporation Adding to Facilities 


Weston Electrical Instrument Cor- 
poration is constructing an engineering 
and administration building on the plant 
grounds at Newark, New Jersey. The 
three-story structure will have 78,620 


square feet of floor area. 











Cordox Corporation 
Makes Two Appointments 


Appointment of Felix C. Rodgers as 
general manager of its fire division and 
of H. V. Williamson as director of re- 
search has been announced by Cordox 
Corporation, Chicago. 

For the past several years Rodgers 
has been a district manager for the fire 
division, with headquarters at Pitts- 
burgh. As general manager he will be 
located at Chicago. Williamson formerly 
was chief engineer of the company’s re- 
search division. 


Broxham Sales Head for Graver 
Fabricated Plate Division 


Willard M. Broxham has been named 
manager of sales for the fabricated plate 
division of Graver Tank & Manufac- 
turing Company. He formerly was 
manager of the company’s Philadelphia 
office, and now makes his headquar- 
ters at the general office in East Chi- 
cago, Indiana. 





FOR SALE 


Established Refinery Maintenance 
Service business operating under 
patent license in Texas and Louisi- 
ana. Deing business with twenty 
major and independent companies. 
Entire business, including technical 
equipment, is for sale by owners. 
Wire or write: 


Box 23-R, c/o Petroleum Refiner, 
Houston, Texas 








“GUNITE” 


CONCRETE LININGS 


FOR: 


BUBBLE TOWERS e@ STILLS @ HOT OIL 
SEPARATORS © STORAGE TANKS @ RE- 
FINERY VESSELS OF ALL TYPES @ EN- 
CASING AND FIREPROOFING STRUCTUR- 
Al. STEEL AND PIPE @ LINING WATER 
STORAGE RESERVOIRS, DITCHES AND 
CANALS © REPAIRING DISINTEGRATED 
CONCRETE AND MASONRY. 


WRITE — PHONE — WIRE 


GUNITE CONCRETE and 
CONSTRUCTION CO. 


CEMENT GUN SPECIALISTS 
ENGINEERS CONTRACTORS 


1301 Woodswether Road 
KANSAS CITY 6, MISSOURI 


District Branch Office: 
228 NORTH LA SALLE STREET, CHICAGO |, ILL. 


Branch Offices: 





NEW ORLEANS 





ST. LOUIS, —- DALLAS, HOUSTON, 
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